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The  twenty-first  annual  meeting  of  the  Engineers’  Society 
of  Western  Pennsylvania  was  held  in  the  Lecture  Room  of  the 
Society's  house,  410  Penn  Ave.,  Pittsburg,  Pa.,  Tuesday 
evening,  Jan.  15,  1901,  Mr.  W.  A.  Bole  being  in  the  chair, 
and  forty-three  members  and  visitors  present.  The  meeting 
was  called  to  order  at  8:45  o'clock,  and  the  minutes  of  the 
m-p^pdinor  annual  meeting  were  read  and  approved. 
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The  twenty-first  annual  meeting  of  the  Engineers'  Society 
of  Western  Pennsylvania  was  held  in  the  Lecture Koom  of  the 
Society’s  house,  410  Penn  Ave. ,  Pittsburg,  Pa.,  Tuesday 
evening,  Jan.  15,  1901,  Mr.  W.  A.  Pole  being  in  the  chair, 
and  forty-three  members  and  visitors  present.  The  meeting 
was  called  to  order  at  8:45  o'clock,  and  the  minutes  of  the 
preceding  annual  meeting  were  read  and  approved. 

The  following  report  was  read  by  the  Treasurer,  Prof. 
A.  E.  Frost  : 
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It  was  voted  that  the  report  of  the  Treasurer  be  received 
and  filed. 

The  following  report  was  read  by  the  Secretary  : 


Members  at  close  of  year  ending  January  16,  1900 .  397 

At  the  Annual  Meeting,  January  16,  1900,  there  were 

thirteen  (131  names  dropped  from  the  rolls .  13 

There  wrere  eleven  (11)  resignations  and  five  (5)  deaths 

during  the  year .  16 

A  total  loss  of .  29 

During  the  year  seven  (7)  of  the  applicants  elected  in 
1899  matriculated,  and  thirty-nine  (39)  applicants  7 
were  elected  members  of  the  Society  during  1900,  and 
of  these  thirty-five  (35)  matriculated .  35 

A  total  gain  of .  42 

Making  a  net  gain  during  1901  of . .  13 

The  total  membership  January  15,  1901,  being .  410 


The  average  attendance  at  the  regular  meetings  of  the 

©  O 

Society  during  the  year  was  forty-eight  (48),  an  increase  of 
28  per  cent,  over  1900. 
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It  was  voted  that  the  report  of  the  Secretary  he  received 
and  tiled. 

Next  in  order  was  the  report  of  the  Board  of  Direction. 

The  Board  recommended  the  expulsion  of  the  following 
members  for  non-payment  of  dues  . 

James  Benney, 

E.  D.  Estrada, 

Peter  Ferrara, 

Emil  Hallgren, 

James  Purves, 

C.  W.  Townsend. 

The  President  stated  that  the  Secretarv  had  made  everv 

* 

reasonable  effort  to  collect  the  dues,  and  had  notified  the 
members  of  the  intended  action  of  the  Society.  It  was  voted 
that  the  names  be  stricken  from  the  list  of  membership. 

Mr.  Bole — I  wish  to  announce,  on  behalf  of  the  House 
Committee,  that  we  have  one  rather  important  matter  to  take 
up,  that  relates  to  the  renewal  of  our  lease  for  this  property. 
The  Chairman  of  the  House  Committee  has  been  in  communi¬ 
cation  with  the  owner  of  the  property.  We  have  been  paying 
$1500  per  year  for  the  last  five  years.  Our  lease  expires  the 
first  of  April.  The  owner  has  made  a  proposition  to  enter  into 
a  new  lease  at  $1,560  per  year,  an  increase  of  $60  per  year, 
alleging  as  her  reason  that  taxation  has  increased.  The  rental 
seems  to  be  fairly  reasonable.  It  is  a  matter  of  reasonable 
moment,  and  the  Board  thought  it  should  be  brought  up  in 
the  regular  meeting  and  your  recommendation  asked. 

It  was  moved  that  the  Board  be  authorized  and  empow¬ 
ered  to  make  a  new  lease  on  the  terms  mentioned. 

A  Member — Will  that  interfere  with  the  purchase  of  the 
property  that  the  Society  was  contemplating ' 

Mr.  Bole — No,  I  think  not.  There  is  no  longer  any 
option  on  it.  We  did  have,  for  a  time,  an  option  on  the  prop¬ 
erty.  If  we  execute  this'  lease  any  person  coming  in  to  buy 
the  property  would  have  to  buy  it  subject  to  our  lease.  It  has 
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been  considered  good  policy  to  make  this  lease,  and,  if  any 
person  should  buy  the  property,  they  would  have  to  buy  us  out. 

Motion  carried. 

The  President  then  read  his  annual  address. 

PRESIDENT’S  ANNUAL  ADDRESS. 

W.  A.  BOLE. 

% 

Gentlemen: — Custom  has  made  it  the  duty  of  your  retir¬ 
ing  President,  to  deliver  his  valedictory  address,  before  sur¬ 
rendering  his  chair  of  office  to  his  successor,  and  in  compliance 
With  that  custom  you  are  now  to  be  inflicted,  as  provided  in 
the  constitution  and  by-laws. 

It  is  a  rather  common  habit  on  such  occasion  as  this,  to 
indulge  in  retrospect,  and  to  review  the  progress  of  engineer¬ 
ing,  or  the  growth  of  our  material  interests,  or  the  increase  in 
the  membership  of  our  Society,  or  some  kindred  topic, — and  all 
these  subjects  have  in  the  past  been  more  capably  handled  by 
my  predecessors  than  I  can  possibly  handle  them,  and  yet  the 
past  year,  in  which  I  have  had  the  honor  to  preside  over  your 
meetings,  was  a  notable  year.  It  marked  the  conclusion  of  a 
great  century.  Therefore,  the  present  time  seems  to  be  a  pe¬ 
culiarly  fitting  one  to  indulge  in  a  few  reflections  upon  what 
has  happened  during  the  century  just  completed,  and  partic¬ 
ularly  so  on  account  of  the  very  large,  the  predominating  port , 
which  was  played  by  the  mechanic  and  the  engineer,  the 
artisan  and  the  scholar,  in  that  development  whose  like  was 
never  seen  in  equal  time,  since  “the  evening  and  the  morning 
were  the  first  day.'’ 

Other  centuries  produced  the  warior  and  the  conqueror, 
whose  glory  was  achieved  at  the  expense  of  the  blood  of  thous¬ 
ands.  The  genius  of  the  present  day,  and  of  the  cycle  just 
completed,  is  a  peaceful  genius.  He  is  the  mechanic,  with  his 
twin  brother,  the  engineer,  the  brawn  and  the  brain. 

I  will  endeavor  to  point  out  to  you,  though  in  a  hasty  and 
and  necessarily  imperfect  way,  something  of  the  wonderful 
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progress  which  lias  been  accomplished  during  the  century 
which  we  have  just  left  behind,  dealing  only  with  that  phase 
of  the  century's  progress  which  is  related  to  the  industrial  side", 
leaving  for  others  those  phases  which  are  independent  of  me¬ 


chanical  considerations. 

THE  STEAM  ENGINE. 

There  is  perhaps  no  one  way  in  which  the  wonderful 
advance  of  the  mechanical  arts  can  be  so  clearlv  and  distinctly 
presented  to  you,  as  by  calling  your  attention  to  the  fact  that 
100  years  ago  the  steam  engine  had  barely  been  invented,  and 
applied  as  a  means  of  furnishing  motive  power  for  manufactur¬ 
ing  purposes.  It  is  a  matter  of  history  that  James  Watt  ob¬ 
tained  certain  patents  for  improvements  in  steam  engines  as 
early  as  1781,  or  nineteen  years  before  the  19th  century  began, 
but  for  a  long  time  he  seems  to  have  been  practically  the  only 
engine  builder  doing  business,  and  his  patents  probably  prevent¬ 
ed  others  from  entering  largely  into  this  Held,  until  about  the 

C  C 

beginning  of  our  19th  century.  Contrast  such  state  of  affairs 
with  the  present  times.  The  steam  engine  of  to-day  is  the  con¬ 
trolling  feature  of  our  industrial  civilization.  It  furnishes  the 


motive  power  by  which  all  our  manufactories  are  impelled,  and 

without  its  use  scarcely  one  of  the  articles  which  we  use  in  our 

%/ 

everyday  life  could  be  produced  in  sufficient  quantity  to  satisfy 
the  needs  of  mankind.  It  is  as  unneccessary  as  it  is  impossible 
to  indicate  just  how  deeply  and  to  what  extent  this  most  useful 
machine  is  concerned  in  our  comforts  and  business  interests. 
Looking  back  to  the  beginning  of  the  19th  century,  it  was  at 
that  time  a  “coming  event,*'  no  doubt  of  wonderful  interest 
to  the  people  of  that  generation,  but  it  had  been  seen  by  few 
and  employed  by  still  fewer  of  the  people  of  that  day.  Their 
motive  power  was  confined  almost  wholly  to  the  use  of  water¬ 
wheels,  and  this  of  course  was  a  matter  of  geography  and  to¬ 
pography,  consequently  only  a  few  favored  localities  were  avail¬ 
able  for  manufacturing  purposes.  Now  we  can  locate  a 
manufactory  at  almost  any  place  we  please,  and  other  consider- 
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ations  than  those  of  a  century  ago  determine  the  choice  of 
location.  The  steam  pressure  of  those  days  was  very  low. 
Watt  employed  steam  pressures  of  about  seven  or  eight  pounds 
above  atmosphere.  The  larger  portion  of  his  effective  pressure 
as  shown  by  indicator  diagram,  was  below  the  atmospheric 
line,  as  all  his  engines  ran  condensing.  There  has  been  durino- 
the  century  a  gradual  improvement  in  the  art  of  construction, 
and  the  development  of  the  steam  engine  since  the  days  of  Watt 
and  during  the  century  just  passed,  has  been  chiefly  along  the 
line  of  improved  details.  The  mechanics  of  that  day  did  not 
have  such  facilities  with  which  to  construct  machinerv,  nor 
such  materials  out  of  which  to  construct  them,  as  we  have 

♦  j 

now.  The  boiler  pressures  in  current  use,  have  steadily  ri.^en 
during  the  past  century,  as  better  materials  and  better  work¬ 
manship  made  higher  pressures  safe  and  advisable.  To-day, 

125  lbs.  per  square  inch  is  a  very  common  pressure  for  ordinary 

» 

stationary  engines.  150  to  175  lbs.  pressure  is  frequently 
met  with  in  power  plants  of  the  better  sort,  and  in  some  cases 
200  lbs.  pressure  per  square  inch  is  employed,  with  the 
suggestion  that  even  more  may  be  shortly  called  for.  This  of 
course  enables  the  steam  engine  to  yield  a  much  larger  output 
of  power  per  ton  of  total  weight,  and  as  it  has  been  possible  to 
increase  boiler  pressures,  so  also  the  working  parts  and  the 
structure  of  steam  engines  have  been  improved  and  strengthen¬ 
ed,  until  now  the  weight  of  engine  per  horse  power  of  capacity 
and  the  cost  of  plant,  is  vastly  less  than  in  Watt’s  time.  It  is 
interesting  to  conjecture  how  these  early  engines  must  have 

* 

been  built.  The  machine  tools  of  to-dav,  such  as  the  engine- 
lathe,  the  planer,  the  milling  machine,  the  radial  drill,  and 
others,  did  not  exist  then,  and  much  of  the  work  must  have 
been  done  by  hand.  It  is  difficult  to  locate  precisely,  just 
when  the  advent  of  machine  tools  in  their  present  form  took 
place,  but  it  is  reasonably  certain  that  the  slide  rest  by  which  the 
lathe  of  to-day  supports  its  tool  and  does  its  cutting,  although 
invented  bv  Mandslev  in  179T,  was  not  generally  employed 
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before  the  past  century  was  well  advanced,  and  the  iron  plan¬ 
ing  machine  was  not  employed  until  about  1830.  At  the 
beginning  of  the  19th  century,  all  turning  in  lathes  was  done  by 
the  use  of  hand  tools,  much  as  wood  turning  is  still  done  in  our 
pattern  shops  or  cabinet  departments. 

The  art  of  moulding  and  the  making  of  iron  castings, 
while  far  inferior  to  these  branches  as  conducted  to-day,  were 
nevertheless  more  nearly  adequate,  I  imagine  then  the  machine 
shop  facilities  of  that  period.  Watt’s  early  cylinders  were  not 
more  than  f "  out  of  round  in  18''.  All  these  within  a  period 
of  100  years.  There  are  few  of  us,  I  daresay,  whose  lives  have 
not  overlapped  that  of  some  ancestor  who  witnessed  the  advent 
of  the  19th  century,  and  such  reflection  may  assist  us  in  getting 
a  clearer  grasp  of  the  extraordinary  strides  which  have  been 
made  in  the  development  of  matters  mechanical  in  that  time. 
In  that  period  the  world  has  made  more  material  progress, 
certainly  more  mechanical  progress,  than  in  all  the  preceding 
centuries  of  history. 

4/ 

RAILROADS. 

The  improvements  in  means  of  transportation  of  persons 
and  materials  during  the  past  century,  mark  a  wonderful 
degree  of  progress,  and  again,  in  this  aspect,  the  advances  of 
100  years  when  recalled,  seem  marvelous.  The  locomotive,  by 
which  we  are  drawn  in  ease  and  comfort  from  one  extremity 
of  a  Continent  to  another,  did  not  exist  at  the  opening  of  the 
19th  century.  The  first  successful  attempt  on  this  line  seems 
to  have  been  made  by  Trevethick  in  1S04,  he  being  the  tirst 
person  to  successfully  employ  a  machine  which  depended  upon 
friction  between  its  own  wheels  and  iron  rails,  to  afford  traction. 
The  progress  in  railroading  since  that  time  seems  like  a  fairy 
tale.  The  means  by  which  our  forefathers  got  about  from 
place  to  place,  previous  to  the  beginning  of  the  19th  century, 
was  confined  to  animal  means,  or  to  the  slow  and  tedious  canal- 
boat  or  sailing  vessel,  and  the  time  employed  in  making  trips 
of  any  length  must  have  been  very  great.  Stephenson  brought 
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out  his  famous  locomotive,  the  “Rocket,  ”  in  1829,  at  a  time 
when  the  century  was  nearly  one-third  passed  by.  Since  that 
time  there  has  been  a  great  procession  of  mechanics,  vigor¬ 
ously  and  continuously  employed  in  improving  the  details, 
increasing  the  size  and  capacity,  and  bettering  the  efficiency  of 
the  iron  horse,  until  now,  we  are  able  to  make  the  trip  from 
New  York  to  San  Francisco  in  four-davs.  When  our  ancestors 

«y 

came  across  the  Alleghenv  Mountains  from  the  eastern  shores 
of  this  country,  some  of  them  came  by  canal-boat,  some  of 
them  rode  in  stage  coaches,  or  on  horseback,  and  it  is  possible 
that  not  a  few  of  them  walked.  How  long  it  took  them  to 
come  it  is  now  rather  difficult  to  tell,  but  such  comparison  may 
aid  us  in  taking  in' at  a  sweep,  what  has  transpired  in  this  di¬ 
rection  within  a  century.  The  introduction  of  the  telegraph,  in 
1S43,  by  Morse  had  doubtless  a  great  deal  to  do  with  the  devel- 
opment  of  railroading,  as  it  made  communication  between 
distant  points,  and  the  control  of  trains  when  out  on  the  line, 
possible  and  reasonably  sure.  The  introduction  of  the  air 
brake  as  an  important  feature  in  railroading  took  place  in  I860, 
and  this  improvement  made  it  possible  to  run  trains  at  a  higher 
speed  and  yet  with  greater  degree  of  safety  than  had  hitherto 
been  known.  Marking  the  advance  of  railroading  during  the 
century,  mention  should  be  made  of  the  introduction  of  sleep¬ 
ing  cars  by  Pullman  about  1859,  which  has  had  a  great  deal 
to  do  with  our  comfort  and  welfare  while  “on  the  road.*' 
The  progress  of  railroading  has  been  marked  by  great  and 
radical  improvements  in  roadbed  construction,  in  the  building 
of  bridges  and  viaducts,  in  the  employment  of  means  for  sig¬ 
naling,  for  operating  switches,  and  in  every  other  direction. 
The  railroad  bridge  such  as  we  now  look  upon  as  a  matter  of 
course,  was  in  that  early  age,  100  years  ago,  unknown.  The 
truss  bridge  did  not  make  its  appearance  until  after  the  last 
century  had  gotten  well  on  towards  the  half-way  point.  The 
use  of  the  arch  and  of  the  suspension  bridge  in  a  mild  way, 
dates  back  a  long  distance,  but  the  use  of  the  truss,  in  which 
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no  stresses  except  vertical  ones  are  transmitted  to  piers  or 
supports,  was  not  known. 

NAVIGATION. 

We  do  not  do  all  of  are  traveling,  however,  on  wheels, 
and  when  we  consider  means  of  navigation,  we  learn  hv  the 
records  that  the  first  successful  attempt  to  propel  a  boat  of  any 
kind  by  machinery,  was  made  on  the  Clyde  in  1802.  Fulton, 
who  is  generallv  guarded  as  the  father  of  the  steamboat,  built 
his  first  successful  boat  in  1807.  Her  length  was  130  ft.,  her 
draft  4ft.,  her  capacity  160  tons,  her  steam  cylinder  24  in 
diameter,  4  ft.  stroke,  her  speed  5  miles  an  hour.  It  is  a  far 
cry  from  this  creation  of  Fulton's  to  such  a  floating  hotel  as 
the  “Deutchland* ‘  of  to-dav,  whose  length  is  684  feet,  whose 
depth  is  44  ft.,  whose  engine  power  is  35,000  II.  P. ,  and 
whose  speed  when  ploughing  the  ocean  reaches  almost  25  miles 
per  hour.  The  intervening  years  have  been  filled  in  this  field 
of  labor  as  in  others  by  persistent,  intelligent  and  indefatigable 
workers,  each  contributing  something  to  the  sum  total  of  good, 

C  C  O 

and  we,  who  live  to-day,  profit  by  their  labors,  and  honor  them 
for  their  achievements. 

Oceanic — 704  ft.,  long, 

49£  ft.,  deep, 

28,000  H.  P., 

28,500  Tons  displacement. 

METALLURGY. 

Turning  from  this  subject,  to  another,  of  equal  interest  to 
us  who  are  here  present,  the  metallurgical  advances  of  the  past 
century  are  fully  as  stupendous  as  those  already  cited.  It 
needs  little  beyond  the  suggestion  of  the  steam  engine's  status 
at  the  beginning  of  the  19th  century,  to  prove  that  the  art  of 
manufacturing  and  using  the  more  ordinary  metals,  and  in 
particular,  iron,  was  then  very  insignificant.  Without  the  steam 
engine,  the  blast  furnace,  the  forge,  the  rolling  mill,  the  foundry 
were  impossible.  The  manufacture  of  iron  in  those  days  was 
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necessarily  very  limited,  although  they  did  succeed  in  making 
a  good  many  things  which  we  still  use.  The  manufacture  of 
iron  in  our  own  country  must  have  been  limited  largely  to  the 
bloomery  or  Catalan  forge,  in  which  a  wrought  iron  rather  than 
a  cast  iron  was  produced.  These  furnaces  or  forges,  which 
seem  to  have  been  a  sort  of  compromise  between  a  blast  furnace 
and  a  puddling  furnace,  were  supplied  by  a  blast  of  air  obtained 
by  various  means,  all  which  are  now  obsolete.  Skins  of 
animals  probably  enabled  the  old  fashioned  bellows  to  be  con¬ 
structed.  In  some  favored  localities  the  curious  effect  of  com¬ 
pressing  air  by  a  falling  stream  of  water  was  employed,  and  it 
is  probable  that  in  some  cases,  piston  compressors  were  employ¬ 
ed,  these  latter  impelled  by  water  wheels.  W  hen  the  steam 
engine  became  available  for  this  sort  of  service,  it  naturally 
gave  a  wonderful  impetus  to  the  manufacture  of  iron,  since  it 
enabled  blast  pressures  to  be  increased,  and  furnished  power  by 
which  to  hoist  the  stock,  to  convey  away  the  product,  and  to 
supersede  manual  labor  in  every  direction.  It  would  be  impos¬ 
sible  to  trace  the  progress  of  this  wonderful  art  within  the  limits 
of  the  time  here  allowable,  but  a  few  of  the  important  events 
may  be  cited  to  indicate  how  matters  progressed  from  year  to 
year.  The  waste  gases  from  the  tops  of  furnace  stacks  Avere 
first  utilized  in  1811,  probably  to  burn  in  the  boiler  furnaces, 
to  generate  steam  for  the  blowing  engines.  The  use  of  hot  blast 
was  introduced  in  1828.  The  steam  hammer  was  invented  by 
Xaysmith  in  1812.  Previous  to  that  time  all  forging  had  been 
done  by  hand,  or  by  the  now  antiquated  helve  hammer,  deriving 
its  motive  power  for  either  the  steam  engine  or  the  water  wheel. 

This  is  preeininentH  an  age  of  steel .  and  vet  Sir  Henry 
Bessemer  introduced  the  first  practicable  method  of  converting 
iron  into  steel,  at  least  for  structural  purposes,  Avhen  he  brought 
to  light  his  pneumatic  process  of  conversion  in  1856.  That 
other  and  rivalling  method  of  converting  iron  into  steel,  namely, 
Siemens-Martin  Kegenerative  Open  Hearth  Process,  was  success¬ 
fully  introduced  about  1868.  Since  that  time,  the  progress  in 
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iron  making  and  in  steel  making  has  been  in  the  line  of  improve¬ 
ments  in  detail,  the  introduction  of  machinery  of  the  most 
modern  and  substantial  sort  for  almost  every  operation  connect¬ 
ed  with  the  manufacture  of  iron  and  steel,  until  to-day  as 
antithesis  to  the  Catalan  forge  of  100  years  ago,  we  have  such 
gigantic  blast  furnaces  as  those  found  at  Duquesne,  Youngstown, 
Bessemer  and  other  places  rather  too  numerous  to  mention, 
whose  average  daily  capacity  reaches  the  enormous  figure  of 
600  tons  for  a  single  stack.  These  monstrous  furnaces  are  some 
23  feet  in  diameter  at  the  largest  part,  over  100  feet  in  height, 
and  call  for  45,000  to  50,000  cubic  feet  of  free  air  per  minute. 

Such  a  furnace  under  the  most  favorable  conditions  will 
produce  a  ton  of  iron  with  a  consumption  of  1700  lbs.  of  coke; 
under  average  conditions  will  produce  a  gross  ton  of  pig  iron 
for  something  less  than  a  net  ton  of  coke. 

From  the  helve  hammer  of  100  years  ago,  or  the  first  steam 
hammer  of  5S  years  ago,  is  a  long  stride  to  the  latest  and  most 
modern  machinery  for  forging  iron  and  steel,  the  best  illustra- 
tion  of  which  is  found  in  the  monstrous  hydraulic  forging  press 
operated  by  the  Bethlehem  Steel  Company  in  the  eastern  part 
of  our  own  State.  This  immense  machine  is  capable  of  exerting 
a  pressure  of  14,000  tons  upon  the  material  placed  between  its 
dies.  It  is  capable  of  receiving  and  successfully  reducing  to 
suitable  section  an  ingot  of  steel  whose  cross  section  is  upwards 
of  6  feet  in  diameter  and  whose  total  weight  is  275, 0u0  lbs. 
Tributary  to  this  machine  is  the  modern  method  of  hollow  forg- 
ing,  by  which  such  articles  as  shafts,  gun  hoops,  gun  tubes,  and 
various  other  shapes  are  produced  by  being  forged  upon  a 
mandrel,  thus  increasing  the  compressive  power,  and  more 
thoroughly  working  every  portion  of  the  material  contained  in 
a  large  shaft  or  similar  shape.  Such  other  accessories  as  mark 
the  advances  in  art  of  iron  and  steel  manufacture,  are  so 
numerous  as  to  defy  description;  such  features  as  hydraulic 
cranes,  continuous  rolling  mills  for  automatic  production  of 
bars,  and  the  like,  heating  furnaces  and  improvements  therein; 
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metal  mixers  or  reservoirs  for  molten  iron  on  its  way  from  the 
blast  furnace  to  the  steel  plant,  can  only  be  mentioned,  but  not 
described. 

During  the  past  century,  the  making  of  ice  by  artificial 
means  was  introduced,  and  the  first  successful  machine  for  this 
purpose  is  reported  to  have  been  introduced  in  1855.  The 
telephone,  the  telegraph,  the  submarine  cable,  the  phono¬ 
graph,  the  biograph,  and  all  the  kindred  and  marvelous 
inventions  related  thereto,  have  been  brought  to  light  during 
the  century  which  has  just  passed  into  history.  The  cylind¬ 
rical  printing  press,  the  linotype,  and  a  great  many  of  the 
important  features  of  the  art  preservative  were  brought  to 
light  since  1801  started  a  new  cycle  of  years  on  its  way. 
Photography,  although  scarcely  a  matter  of  mechanics,  never¬ 
theless  of  wonderful  interest  and  service  to  us  now,  was  born 
during  the  period  under  discussion. 

The  past  century  produced  the  gas  engine,  that  lusty 
young  rival  of  the  steam  engine,  which  is  now  threatening  to 
supercede  the  latter  for  many  purposes  and  offers  much 
promise  of  future  development. 


ELECTRICITY. 

Electricity,  one  hundred  years  ago  was  little  more  than 
a  speculation  of  the  philosophers,  and  as  far  as  being  a  factor 
in  the  activities  of  that  day,  it  might  compare  with  the  present 
status  of  hypnotism. 

To  be  sure,  Franklin  had  flown  his  kite,  Galvani  had 
observed  the  muscular  contraction  of  the  frog  under  certain 


conditions,  and  frictional  apparatus  had  enabled  the  savants  of 
that  day  to  produce  sparks  and  other  interesting  effects,  of  no 
present  utility. 

It  was  not  until  the  past  century  had  almost  spent  itself 
that  electricity  gained  a  place  in  engineering,  but  its  present 
foothold  seems  to  be  too  evident  to  be  doubted. 

During  the  past  century  currents  of  electricity  have  been 
obtained  in  two  ways,  both  unknown  hitherto. 
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The  oldest  of  these  was  by  chemical  means,  from  voltaic 

V 

cells  or  batteries,  and  the  means  is  still  employed  for  many  of 
the  lighter  kinds  of  service,  and  to-day  it  rings  our  door-bells 
and  summons  us  to  our  meals. 

The  other  means  of  producing  currents,  and  the  one  by 
which  such  wonderful  impetus  has  been  given  to  this  particular 
science,  was  the  mechanical,  or  the  dynamo-electric. 

In  1820  Prof.  Oersted,  of  Copenhagen,  discovered  that  an 
electric  current  from  a  battery,  passing  through  a  wire,  acted 
on  a  compass  needle  placed  near  the  wire,  and  tended  to  turn 
the  needle.  And  in  the  same  year  it  was  discovered  that 
electric  currents  could  produce  magnetism  in  iron  and  steel, 
and  the  electric  magnet  was  born.  In  1831  Faraday  began 
the  series  of  discoveries  which  form  the  basis  of  modern 
electric  practice.  He  showed  that  a  magnet  could  produce 
electric  currents,  and  thus  made  possible  the  construction  of 
the  modern  dynamo  or  electric  generator.  It  was  not  until 
the  latter  half  of  the  last  century,  however,  that  these  prin¬ 
ciples  took  form  in  practical  machines,  as  distinguished  from 
laboratory  apparatus,  and  three  quarters  of  the  century  was 
gone  before  wTe  saw'  the  streets  and  buildings  of  our  Smoky 
City  illuminated  by  the  arc  and  incandescent  lamp,  and  only 
15  years  ago  did  the  patient  car  horse  dotf  his  harness  and 
acknowledge  his  inferiority  to  the  now  ubiquitous  trolly  car. 

Truly,  so  lightning-like  has  been  the  progress  of  this 
wonderful  science,  that  we  are  reminded  of  the  mvthologic 
story  of  the  Goddess  Minerva,  who  sprang  “full  armed  from 
the  brain  of  Jupiter.”  To-day,  electric  generators  are  busily 
revolving  in  every  land  under  the  sun,  and  the  si/e  and 
capacity  of  some  of  them  stagger  the  understanding.  In  New 
York  City  are  single  generators  producing  as  much  as  3500 
kilowatts  of  electric  energy,  and  requiring  monster  engines 
developing  as  high  as  6000  I.  II.  P.  to  impel  them.  Even 
larger  units  are  now  under  construction,  and  generators  of 
5000  K.  AY.  capacity  are  building  to-day. 
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Niagara  is  harnessed  by  this  subtle,  elusive,  but  per¬ 
suasive  fluid,  and  Horseshoe  Falls  has  superceded  the  mule  for 
urban  transportation — in  that  vicinity,  has  even  usurped  his 
very  name,  and  electric  current  is  sold  in  the  open  market  as 
“Horse  Power.” 

The  battery  generated  current  made  possible  the  tele¬ 
graph,  which  became  a  tremendous  agent  in  the  world’s 
development,  at  its  advent  in  1  843-44. 

The  submarine  cable  connecting  Europe  with  America 
was  laid  in  1859,  and  1  am  sure  some  of  you  older  members  of 
our  Society  can  remember  the  time  when  this  now  common 
means  of  communication  seemed  like  a  miracle  ot  invention. 
Events  of  this  class  “  have  trod  on  each  other's  heels,  so  fast 
they  followed."  The  telephone  and  the  phonograph  have 
come  within  the  recollection  of  even  the  youngest  member 
here  present.  Electro  chemistry,  electro  metallurgy,  electro 
therapeutics,  are  they  not  all  of  that  wonderful  epoch  whose 
close  we  have  just  witnessed  ? 

The  first  message  ever  flashed  across  the  Atlantic  cable 
was  from  the  good  Queen  Victoria  to  our  President  Buchanan, 
and  the  words  were  these,  “  What  hath  God  wrought  !" 

In  summing  up  the  results  of  a  century’s  progress  in 
electrical  matters,  what  more  fitting  words  can  be  employed 
than  these  of  the  gentle  sovereign  of  our  mother  country. 

In  the  mechanical  progress  of  the  past  century,  it  is  fair  to 
say  that  our  own  country  has  contributed  a  very  fair  share,  and 
done  its  full  quota  in  the  matter  of  development.  It  is  of 
course  true  that  the  mother  country  has  been  the  birthplace  of 
many  of  the  notable  events  in  that  industrial  progress,  especially 
during  the  early  half  of  the  century  just  past.  It  is  but  natural 
that  American  progress  in  these  arts  during  the  early  half  of 
the  century  should  be  relatively  small  as  compared  with  the 
mother  country.  Our  predecessors  of  the  early  portion  of  the 
century  were  engaged  in  fighting  Indians,  cutting  down  forests, 
in  making  highways,  in  tilling  the  soil,  and  in  doing  that 
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amount  of  pioneer  work  which  has  made  it  possible  for  us,  their 
successors,  to  turn  our  attention  to  the  inventive  arts  and  to 
rival  the  mother  country  and  her  European  competitors.  To-day 
American  supremacy  in  many  lines  of  manufacture,  is  a  rec¬ 
ognized  fact,  and  the  nations  of  Europe  are  becoming  greatly 
alarmed  at  the  danger  which  seems  to  impend  to  their  interests 
from  the  active  Yankee.  Our  superiority,  if  it  indeed  exists, 
should  not  be  accepted  too  complacently  by  ourselves,  nor 
should  we  Hatter  ourselves  that  we  possess  a  capacity  and  an 
intelligence  beyond  that  of  our  European  competitors.  Much 
of  our  progress  is  a  matter  of  fortunate  circumstances.  We 
owe  as  much  to  the  bountiful  supply  of  mineral  advantages 
which  nature  has  prepared  for  us,  as  to  any  personal  merit  of 
our  own,  and  American  superiority  of  to-day  in  a  manufactur¬ 
ing  sense  is  largely  attributable  to  these  matters  of  good  fortune 
which  are.  ours.  Our  American  export  trade  has  increased  to 
a  tremendous  amount,  and  it  is  estimated  that  during  the  last 
year,  1900,  something  over  $200,000,000  worth  of  American 
products  were  carried  across  the  ocean  to  foreign  lands.  This  is 
in  marked  contrast  to  the  state  of  affairs  existing  at  the  open¬ 
ing  of  the  19th  centurv,  when  new  manufactured  articles  were 
made  in  our  own  country,  and  when  the  imports  vastly  ex¬ 
ceeded  the  exports. 

It  may  be  seviceable  now  to  mention  some  of  those  matters 
in  which  the  past  century  has  not  been  so  productive  of  progress. 
Architecture  as  an  instance  seems  to  me  to  be  in  marked  con¬ 
tradistinction  to  matters  metallurgical.  There  are  structures 
of  great  grandeur  and  sublimity  found  throughout  the  older 
countries  of  the  civilized  world,  which  seem  to  defy  competition. 
Ecclesiastical  architecture  in  particular  seems  to  till  this  de¬ 
scription.  The  ancient  cathedrals  of  Europe,  as  for  instance, 
St.  Peter’s  of  Rome,  St.  Mark’s  of  Venice,  the  cathedrals  at 
Milan,  Colonge  and  Paris,  have  not  been  equalled  by  any  edifice 
to  my  knowledge  during  the  century  just  past,  and  it  is  a  mat¬ 
ter  of  great  wonderment,  how,  in  the  early  ages  (now  centuries 
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gone)  it  was  possible  for  men  to  construct  some  of  these  monu¬ 
ments  of  human  skill.  In  other  of  the  finer  arts,  as  painting 
and  sculpture,  the  past  century  has  not  shown  any  improvement 
upon  if  indeed  an  equality  with  previous  centuries.  It  maybe 
said  in  justice  that  the  latter  age  and  the  century  just  passed, 
is  preeminently  an  age  of  utility ,  and  it  is  no  longer  considered 
to  be  as  good  form  to  spend  time  and  effort  to  emulate  the 
works  of  Michael  Angelo,  as  in  designing  and  building  railroad 
depots,  apartment  houses  and  hotels,  and  comfortable  dwelling 
houses.  The  tendency  of  this  change  of  intent  has  been  for  the 
good  of  the  masses  of  people,  for  the  emancipation  of  the  lowly, 
and  for  the  more  complete  recognition  and  realization  of 
that  brotherhood  of  mankind,  which  is  more  generally  recogniz¬ 
ed  now  than  it  was  in  the  days  “When  Knighthood  was  in 
Flower.’’ 

The  introduction  of  the  art  of  printing  was  made  long  before 

The  introduction  of  the  art  of  printing  was  made  long 
before  the  advent  of  the  19th  century,  but  certainlv  during 
this  century  the  improvements  in  this  art  as  well  as  the  facili¬ 
ties  for  distributing  the  products  of  that  art,  have  had  a  won¬ 
derful  lot  to  do  with  the  material  advances  which  have  taken 
place  during  this  epoch.  Books  are  now,  by  modern  methods 
of  printing,  so  cheap  and  so  available  to  every  one  who  will 
read,  that  they  bring  to  every  man  for  his  individual  improve¬ 
ment  and  assistance  the  records  of  past  achievements,  and  thus 
enable  him  to  take  advantage  of  all  that  his  predecessors  have 
done  and  have  discovered.  In  a  social  sense,  the  introduction 
of  machinery  during  the  past  century  has  shortened  up  the 
hours  of  labor  for  the  toiler,  has  made  his  work  less  arduous 
and  exhausting,  has  cheapened  almost  every  article  which  he 
consumes,  and  has  made  of  the  serf  and  the  plebeian  of  a  few 
generations  ago,  the  citizen  and  the  individual  sovereign  of  to- 
day. 

In  thus  attempting  to  review  the  advances  made  within  the 
space  of  100  years,  comparing  such  advances  with  what  had 
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transpired  in  previous  ages,  one  is  forced  to  the  conclusion 
that  in  matters  of  pure  intellect,  the  representative  man  of  to¬ 
day  is  not  very  much,  if  at  all,  superior  to  his  compatriot  of 
20  centuries  back.  The  architecture,  the  sculpture,  the  ora¬ 
tory,  the  loofic  of  the  Greek,  is  not  surpassed  by  any  living 
master  of  the  present  moment,  but  as  it  seems  to  me,  this 
intellectual  capability  is  directed  nowadays  in  channels  very 
much  more  useful  than  ever  before.  The  efforts  of  the  man 
of  to-day  are  directed  constantly,  no  matter  in  what  line  of 
occupation,  to  increase  of  capacity,  betterment  of  efficiency, 
and  to  the  saving  of  time.  As  a  result,  we  live,  in  a  sense, 
very  much  longer  than  our  ancestors,  and  our  individual  ex¬ 
periences  are  perhaps  as  varied  and  as  extensive  as  though  we 
had  once  lived  two  or  three  centuries  instead  of  the  allotted 
three  score  and  ten  years.  It  is  a  fact,  however,  that  longevity 
has  been  increased  during  the  past  century,  doubtless  due  to 
improvements  in  all  branches  of  sanitary  engineering,  and  to 
strides  in  the  arts  of  surgery  and  medicine,  until  we  are  now 
able  to  “stand”  off  the  grim  reaper  for  a  longer  time  than 
were  our  forefathers. 

FUTURE. 

If  one  were  to  ask  what  is  to  be  expected  in  the  way  of 
industrial  progression  during  the  century  which  we  have  now 
entered  upon,  the  answer  is  beyond  the  writer’s  capacity  to 
even  guess.  Doubtless  the  people  of  1801  thought  they  were 
pretty  well  on  in  the  arts  and  sciences,  and  it  is  not  likely  that 
any  prophet  of  that  distant  year  would  have  made  a  successful 
stagger  at  predicting  our  present  status.  It  would  seem  to  be 
equally  unwise  at  the  present  time  to  venture  upon  any  pre¬ 
diction  as  to  what  may  happen  between  now  and  the  year 
2001.  It  may  be  said,  however,  that  the  high  pressure  life  of 
to-day  makes  incumbent  upon  the  man  of  to-day,  a  grade  of 
application,  of  study  and  of  personal  mental  improvement, 
which  will  be  emphasized  and  accentuated  during  the  coming 
years.  Improvements  in  mechanism  necessitate  improvements 
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in  mechanics  as  well,  and  the  mechanics  and  the  engineers  of  a 
century  hence  will  have  to  be  men  capable  of  living  up  to  the 
lights  of  that  advanced  epoch,  just  as  the  most  successful  men 
of  to-day  are  necessarily  studious,  vigorous  and  indefatigable 
in  their  labors.  It  may  easily  become  the  task  of  the  retiring 
president  of  the  Engineers’  Society  of  Western  Pennsylvania, 
in  making  his  annual  address  in  2001,  to  refer  back  to  the 
blast  furnace  which  1  have  just  mentioned  as  a  mechanical 
marvel,  and  to  the  hydraulic  forging  press  which  I  have 
referred  to,  and  he  may  consider  these  as  evidences  of  man’s 
puny  attempts  at  dealing  with  materials,  when  the  subject  now 
under  discussion  shall  he  100  years  older.  Let  us  indulge  the 
hope  that  the  grandsons  and  the  great-grandsons  of  the 
engineers  of  1901  may  be  worthy  of  the  age  and  the  oppor¬ 
tunities  in  which  they  shall  operate. 

The  President  announced  that  the  next  order  of  business 
would  be  the  election  of  officers  for  the  ensuing  year.  He 
announced  candidates  for  office  reported  by  the  Nominating 
Committee  as  follows  : 

PRESIDENT, 

One  Year, 

H.  W.  FISHER. 

VICE  PRESIDENT, 

Two  Years, 

PROF.  F.  C.  PHILLIPS. 

DIRECTORS, 

One  Year, 

(To  fill  vacancy  caused  by  Gustav  Kaufman’s  resignation), 

C.  B.  CONNELLEY. 

Two  Years, 

J.  M.  CAMP, 

RICHARD  HIRSCH. 

SECRETARY, 

One  Year, 

C.  W.  RIDINGER. 

TREASURER, 

One  Year, 

A.  E.  FROST. 
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Mr.  Hirsch  and  Mr.  (’amp  were  appointed  as  tellers  to 
conduct  the  election.  They  reported  that  the  candidates  had 
each  received  30  votes,  and  the  President  declared  them  dulv 

V 

elected. 

I  think  a  committee  should  be  appointed  to  conduct  the 
new  President  up  to  the  throne. 

Mr.  Lewis  and  Mr.  Connellev  were  appointed  as  the 
committee. 

Mr.  Fisher — Gentlemen,  I  wish  to  say  that  I  deeply 
appreciate  the  honor  you  have  conferred  upon  me.  It  will 
be  my  utmost  endeavor  to  do  all  that  I  can  for  the  welfare  of 
the  Society. 

On  motion  the  annual  meeting  was  adjourned  at  9:45  P.  M. 

Reginald  A.  Fessenden, 

Secretary 
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REGULAR  MEETING. 


The  two  hundred  and  eleventh  regular  monthly  meeting  ' 

c  i'  c 

of  the  Engineers’  Society  of  Western  Pennsylvania  was  held 
in  the  Lecture  Room  of  the  Society’s  house,  410  Penn  Ave. , 
Pittsburg,  Pa.,  Tuesday  evening,  January  15,  1901,  forty- 
three  members  and  visitors  being  present.  The  meeting  was 
called  to  order  at  9:35  by  the  President,  II.  W.  Fisher. 

The  minutes  of  the  previous  meeting  were  read  and 
approved. 

For  the  Board  of  Directors,  the  following  applicants 
were  reported  as  passed  and  to  be  voted  for  at  the  next 
regular  meeting  : 


ARTHUR  BARNES  - 

A.  H.  BEALE,  - 

JOHN  AVOODLAND  CRISFIELD, 
ALBERT  D.  EDWARDS,  - 

ELMER  HOUGH, 

A.  S.  ISAACS,  . 

G.  H.  GEYER,  - 


Engineer, 

With  E.  K.  Morse-  313  Lehigh  Ave., 
Pittsburg,  Pa^ 

Superintendent, 

Open  Hearth  Department,  Ameri¬ 
can  Sheet  Steel  Co.,  ATmdergrift, 
Westmoreland  Co.,  Pa. 

Superintendent, 

Eliza  Furnaces,  Pittsburg,  Pa. 

Chemist, 

Singer,  Nimick  &  Co.,  20  AY.  Stock- 
ton  Ave.,  Allegheny,  Pa. 

Assistant  Engineer, 

Carnegie  Steel  Co. ,  1205  AA"est  St. , 
Homestead,  Pa. 

Chemist, 

For  F.  AAf.  Eggers,  219  Sixth  St., 
Pittsburg,  Pa. 

Superintendent, 

Jones  &  Laughlins,  Ltd.,  2809  Jan^ 
St.,  S.  S.,  Pittsburg,  Pa. 
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ROBERT  BART  KERNOIIAN  - 

GEO.  McCULLY  LAUGH  LIN,  Jr., 

D.  L.  MERE  EL, 

JAS.  R.  McTAGGART, 

WILLIAM  HARRISON  SMITH, 

WM.  ACHESON  SMITH,  - 

HARRY  EDWARD  WALTERS, 

r 

The  following  gentlemen 

p  n 

elected  to  membership  : 

HORACE  S.  CLARK, 

ALEXANDER  COULTER, 
BARCLAY  W.  EVERSON, 

JAMES  SMITH  HARING, 

GEO.  WEYMOUTH  HUTCHINSON 

GUY  ROCHE  JOHNSON,  - 


Superintendent, 

Jones  &  Laughlins,  Ltd.,  3434  Bo- 
quet  St.,  Pittsburg,  l’a. 

Assistant  Manager, 

Soho  Dept,  of  Jones  &  Laugh  1  ins, 
Ltd.,  Pittsburg,  Pa. 

Mechanical  Engineer, 

With  Jones  &  Laughlins,  Ltd.,  S.  S., 
Pittsburg,  Pa. 

Superintendent, 

Liquid  Carbonic  Acid  Mfg.  Co., 
5172  Woodworth  St.,  Pittsburg,  Pa. 

Chief  Engineer, 

Carnegie  Steel  Co.,  Carnegie  Bid., 
Pittsburg,  Pa. 

Assistant  Engineer, 

Union  Railroad,  6349  Marchand 
St.,  Pittsburg,  Pa. 

Analyst, 

Duquesne  Steel  Works,  Duquesne, 
Pa 

were  balloted  for  and  duly 

V 


Engineer, 

With  Westinghouse  Air  Brake  Co., 
Wilmerding,  Pa. 

Superintendent, 

Salem  Coal  Co.,  Green sburg,  Pa. 
Sales  Agent, 

Baldwin  Locomotive  Works,  Phila¬ 
delphia,  Pa., German  National  Bank 
Bid.,  Pittsburg,  Pa. 

$ 

Civil  Engineer, 

Crafton,  Pa. 

Mining  Engineer, 

With  Coulter  &  Huff  Interests, 
Greensburg,  Pa. 

Superintendent , 

Blast  Furnaces  of  Duquesne  Works, 
Carnegie  Steel  Co.,  Duquesne,  Pa. 
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THOMAS  H.  JONES,  - 

JESSE  D.  LYONS,  - 

EUGENE  L  MESSLER,  - 

J.  WEIDMAN  MURRAY,  - 

HUGH  McCULLEY,  - 

DANA  STEWART  ROLFE, 

R.  .  TODD,  .... 

FRANCIS  H.  TREAT, 

SAMUEL  MONT’ Y  KINTNER, 

THOMAS  STEEL  PERKINS,  - 
RICHARD  ANDREW  L.  SNYDER, 

HERMAN  L.  VAN  VALKINBURG 


WESTERN  PENNSYLVANIA. 
Superintendent, 

Jones  &  Laughlins’  Soho  VI i  11- 
Pittsburg,  Pa. 

Merchant  Engineer, 

401  Chronicle  Telegraph  Building, 
Pittsburg,  Pa. 

General  Superintendent, 

Jones  &  Laughlins’  Eliza  Furnaces' 
and  Coke  Ovens,  Pittsburg,  Pa. 

Resident  Manager, 

The  Edward  P.  Alles  Co.,  German 
National  Bank  Bid.,  Pittsburg,  Pa. 

Superintendent, 

Jones  &  Laughlins’  Machine  Shop, 
No.  50,  32d  St.,  S.S.,  Pittsburg,  Pa. 

Assistant 

To  Gen.  Manager,  Jones  &  Laugh, 
lins,  Ltd.,  Steel  Works  Department, 
Homestead,  Pa. 

General  Master  Mechanic, 
Consolidated  Traction  Co  ,  Times 
Bldg.,  Pittsburg,  Pa. 

General  Manager, 

Jones  &  Laughlins,  Ltd.,  302  Fair- 
mount  Ave. ,  Pittsburg,  Pa. 

Prof.  Electrical  Engineering, 

WTestern  University  of  Pennsyl¬ 
vania,  Allegheny,  Pa. 

"With  Westinghouse  Electric  and 
Mfg.  Co.,  Idlewood,  Pa. 

Chief  Tester 

For  C.  D.  &  P.  Telephone  Co., 
Pittsburg,  Pa. 

I 

With  Westinghouse  Electric  and 
Mfg.  Co.,  Edge  wood  Park,  Pa. 
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Mr.  Hyde  reported  for  the  Reception  Committee  that  t he 
annual  banquet  would  be  held  February  21st,  that  tickets 
were  now  for  sale,  and  that  he  would  be  glad  to  hear  from 
anyone  who  wished  the  same. 

Mr.  Fisher — 1  would  like  to  say  that  it  is  now  in  order 
for  the  past  Presidents  to  furnish  their  pictures  for  the  So¬ 
ciety  Room. 

Is  the  committee  appointed  last  month  in  reference  to 
the  Polytechnic  Institute  ready  to  report ' 

Mr.  Albree — Mr.  Shallenberg  has  not  called  a  meeting 
of  that  committee,  but  I  understand  that  he  will  do  so  soon. 

On  motion,  the  Society  adjourned  at  9:50. 

Charles  W.  Ridinger, 

Secretary. 

%j 
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ANNUAL  MEETING  OF  THE  CHEMICAL  SECTION. 


The  Ninth  Annual  Meeting  of  the  Section  was  held 
Thursday  evening,  January  17th,  in  the  rooms  of  the  Society. 

In  the  absence  of  the  chairman  and  vice-chairman,  Mr. 
J.  M.  Camp  presided. 

Minutes  of  the  last  annual  meeting  were  read  and  approved. 

The  election  of  officers  was  declared  in  order  and  resulted 
as  follows  : 

Chairman— A.  G.  McKenna. 

Vice-Chairman — Dr.  K.  F.  Stahl. 

Secretarv — A.  Gross.  - 

Directors — L.  L.  Arnold  and  H.  Craven. 

A  letter  was  read  informing  the  Section  that  the  retiring 
chairman,  Mr.  J.  O.  Handy,  was  out  of  the  city,  and  that  his 
address  would  be  delivered  at  the  next  meeting. 

Upon  motion  the  annual  meeting  adjourned. 

(Signed)  G.  O.  Loeffler,  Secy  C.  S. 


MEETING  OF  THE  CHEMICAL  SECTION. 

A  regular  meeting  of  the  Section  was  held  Thursdav 
evening,  Januarv  17th,  in  the  rooms  of  the  Societv.  Mr. 
J.  M  Camp  presided. 

The  minutes  of  the  last  regular  meeting  were  then  read 

C  C 

and  approved. 

An  informal  discussion  next  took  place  on  various 
interesting  subjects. 

Dr.  W.  Koch,  Chemist  for  the  Luster  Mining  Co., 

'  O  7 

described  some  of  the  methods  in  use  in  Mexico  for  treating 

C 

ores,  and  exhibited  some  fine  specimens  of  gold  crystals. 

The  meeting  adjourned  at  10  o'clock. 

A.  Gross,  Sec'y  C.  S. 


OFFICERS  FOR  1901 


GENERAL  SOCIETY. 


PRESIDENT. 

H.  W.  Fisher. 

I  ICE-  V RESIDES  TS. 


C.  F.  Scott, 

F.  C.  Phillii’s, 

Term  expires  1902. 

directors. 

Term  expires  1903. 

C.  B.  Connelly, 

Jas.  M.  Camp, 

Term  expires  1902. 

Term  expires  1903. 

Chester  B.  Albree, 

Richard  Hirsch, 

Term  expires  1902. 

SEC  RE  TA  R 

Term  expires  1003. 

Charles  W.  Ridinger. 

TREASURER. 

A.  E.  Frost. 

CHEMICAL  SECTION. 

CHAIRMAN. 

A.  G.  McKenna. 

T  ICE-  CHA IR MA  N. 

K.  F.  Stahl. 

DIRECTORS. 

H.  AY.  Craver,  L.  L.  Arnold. 

SEC  RE  TA  R  Y. 

A.  Gross. 


STANDING  COMMITTEES. 


RECEP  TION  COM  MI  T  TEE. 

N.  C.  Wilson,  Chairman,  S.  M.  Kintxer, 

W.  H.  Coster,  H.  J.  Glaubitz,  E.  Yawger, 

Thomas  S.  Perkins,  Sam  cel  A.  Taylor. 

HOUSE  COMMITTEE. 

A.  K.  Ashworth,  Chairman,  H.  M.  Wilson, 

L.  L.  Arnold,  Geo.  S.  Davison,  E.  Friedi.aexder 

LIBRARY  COMMITTEE. 

S.  B.  Ely,  Chairman,  R.  S.  Ork, 

W.  A.  Craver,  A.  E.  Duckham,  A.  G.  McKenna. 

PROGRA  MME  COM  MI  T  TEE. 

James  M.  Cami*,  Chairman,  C.  B.  Albree, 

.T.  A.  Atwood,  James  K.  Lyons,  Percy  H.  Thomas. 


Wm.  Metcalf, 

—PAST  PRESIDENTS.— 

1880-1.  Alfred  E.  Hunt, 

1892. 

A.  Gottleib, 

1882-3. 

M.  J.  Becker, 

1893. 

Wm.  Miller, 

1884. 

T.  H.  Johnson, 

1894. 

Geo.  H.  Browne, 

1885. 

Chas.  Davis, 

1895. 

E.  B.  Taylor, 

1886. 

W.  G.  Wilkins, 

1896. 

Alex.  Dempster, 

1887-8. 

Emil  Swensson, 

1897. 

J.  A.  Brashear, 

1889. 

Geo.  S.  Davison, 

1898. 

W.  L.  Scaife, 

1890. 

Harry  J.  Lewis, 

1899. 

T.  P.  Roberts, 

1891. 

William  A.  Bole, 

1900. 

—PAST  SECRETARIES.-- 

James  H.  Harlow,  1880-2-3-4.  James  H.  Harlow,  1891. 

W.F.  Zimmerman,  1885.  R.  N.  Clark,  1892-3. 

S.M.Wickersham,  1886-7-8-9-1890.  Daniel  Carhart,  1894-5-0. 

Reginald  A.  Fessenden,  1897-8-9-1900. 

—TREASURER.— 


A.  E.  Frost,  1880  to 


LIST  OF  MEMBERS 


JANUARY  15,  1901. 


Members  are  particularly  requested  to  keep  the  Secretary  constantly 
informed  as  to  their  correct  addresses. 


HONORARY  MEMBERS. 


Name. 


Occupation  and  Address. 


Date  of 
Election. 


Langley,  J.  W.,  M.,  Nov., 

Prof,  of  E.  E.  Case  School  of  Applied  Science,  H  M  Mav 
77  Cornell  St.,  Cleveland,  Ohio.  *’  *  ’’  *  *  * 

Thompson,  Ben,  H.,  M.,  May, 

Asst.  Eng.  Southern  Ry.  Co.,  Highland  Park,  Tenn. 


1888. 

1893. 

1893. 


MEMBERS. 


( Names  of  Past  Presidents  are  in  Italics.) 

Date  of 

Name.  Occupation  and  Address.  Election. 

Abbott,  William  L.,  Dec.,  1890. 

Manufacturer. 

Rm.  302  Bank  of  Com.  Bldg.,  5-13  Wood  st.,  Pittsburg,  Pa. 

h.,  Sewiekley,  Pa. 

Ahlberg,  G.  A.  F.,  April,  1898. 

Mechanical  Engineer, 
h.,  471G  Bayard  St.,  Pittsburg,  Pa. 

Ahlen,  William,  April,  1899. 

Chief  Draughtsman.  Duquesne  Steel  Works  and  Blast  Furnaces, 

Care  of  East  Duquesne  Land  Co.,  Duquesne.  Pa. 

Aiken,  Henry, 

Consulting  Mechanical  Engineer, 

403  Lewis  Block,  Pittsburg,  Pa. 
h.,  373  S.  Atlantic  Aye.,  Pittsburg,  Pa. 

Albree,  Chester  B.,  Director , 

Manufacturer, 

1115-1129  Market  St.,  Allegheny,  Pa. 
h.,  111G  Western  Ave.,  Allegheny,  Pa. 

Albree,  Ralph, 

Partner  of  Chester  B.  Albree, 

Structural  Iron  and  Riveting  Machines, 
h.,  111G  Western  Ave.,  Allegheny,  Pa. 

Anderson,  John  W., 

Gen.  Mgr.  Carbon  Steel  Co..  Pittsburg.  Pa. 
h.,  1525  Fremont  St..  Allegheny,  I*a. 

Arms,  Walter  F. , 

Supt.  Eleanora  Mines  of  the  Rochester  and  Pittsburg  Coal  ami  Iron  Co. 

Punxsutawney,  Pa. 


May,  1880. 

Oct.,  1885. 

Feb.,  1899. 

Dec.,  1884. 
Jan.,  1897. 
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Name.  Occupation  and  Address. 

Armstrong,  Henry  W., 

Gen.  Mgr.  Verona  Tool  Works, 

;  -  1  Verona,  Pa. 

Arnold,  Edwin  E., 

WestiDghou.se  Machine  Co., 

East  Pittsburg,  Pa. 

Arnold,  Lawrence  L. , 

Jones  A:  Laughlins,  Ltd..  Pittsburg,  Pa. 
h.,  C.  S.  Arsenal,  Pittsburg,  Pa. 

Arras,  John  W., 

U.  S.  Assi.  Engineer.  Federal  P.uilding. 
P.  O.  I >o x  485,  Pittsburg,  Pa. 

Aurott,  Jr.,  James  W., 

Supt.  Enameling  Dept., 

Standard  Mfg.  Co. 

583  Preble  Ave.,  Allegheny,  Pa. 
h..  Sewickley,  Pa. 


Date  of 
Election. 

Jan.,  1880. 
Oct.,  1899. 
Oct.,  1899. 
Nov.,  1888. 


March,  1892. 


Aschman,  Frederick  T., 

Analytical  nind  Consulting  Chemist. 

Prof,  of  Chemistry,  Pittsburg  College  of  Pharmacy,  W.  U. 

Chemist  of  I)cpt.  of  Agriculture  of  Penna. 

41b  Standard  Bldg..  Pittsburg,  Pa. 
h..  331  Lehigh  Ave..  Pittsburg,  Pa. 

Asitmead,  Frank  AT., 

Resident  Engineer,  A.  V.  Ily.  Co. 
lltli  and  Pike  Sts  .  Pittsburg.  I ’a. 
h.,  Oakmont,  Pa. 


April,  1896. 
of  Penna., 


April,  189 


o 
•  >. 


Ashworth,  A. Kennedy,  Dec.,  1895. 

Consulting  Mechanical  Engineer  and  Steam 
Expert.  Pittsburg  Gage  W-  Supply  Co. 

it.,  34b  Lehigh  Ave..  Pittsburg.  Pa. 


Ashworth,  Daniel 

Consulting  Engineer  and  Steam  Expert, 

32(5  Fourth  Ave.,  Pittsburg,  Pa. 
li.,  349  Lehigh  Ave..  Pittsburg.  Pa. 

April, 

1890. 

Atwater,  R.  AL, 

Secy.  Semet-Solvay  Co., 

The  Solvay-Process  (’o..  Syracuse,  New  York. 

April, 

1896. 

Atwood,  John  A. , 

Chief  Engineer.  I*.  &  L.  E.  It.  It. 

Beaver.  Pa. 

April, 

1891. 

Auel,  Carl.  B  , 

Engineer  with  The  British  Westinghousc  Electric 
Co..  Lim.,  East  Pittsburg.  Pa. 
h..  Amber  Club.  E.  E..  Pittsburg.  Pa. 

April, 

1899. 

Babbitt,  Seward  S., 

1217  Park  Bldg.,  Pittsburg,  Pa. 
h.,  403  Atlantic  Ave.,  Pit'sburg,  Pa. 

Jan., 

1900. 

Backert,  A.  0., 

Nov., 

1900. 

Pittsburg  Branch  of  Iron  Trade  Review.  Cleveland. 
429  Park  Bldg..  Pittsburg.  Pa. 
li.,  430  Arabella  St..  Knoxville.  Pa. 

Ohio. 

Bailey,  Charles, 

Chairman  Reliance  Steel  Casting  Co..  Ltd., 
36tli  St.  and  A.  V.  R.  R..  Pittsburg,  Pa. 
li.,  Wilkinsburg,  Pa. 

Sept., 

1897. 

Bailey,  James  AL, 

Sept., 

1884. 

Managing  partner  of  Phillips.  Nimick  A  Co., 
P.  O.  Box  872.  Pittsburg.  Pa. 
h..  827  Lincoln  Ave.,  Allegheny.  Pa. 


LIST  OF  MEMHEKS. 


Name.  Oreupation  a  ml  Address. 

Bailey,  John*  M., 

See’y.  Pittsburg  Testing  Laboratory.  Ltd.. 

:r_\-»  Water  St..  Pittsburg,  Pa. 
li. .  Iiellev ue.  Pa. 

Bakewei  l,  Thom  \s  W. , 

Attorney  -at- Law.  Patent  Attorney. 

Bskewell  &  Kakewell,  112o  Canu^ie  Building,  Pittsburg, 
h.,  1'Hh;  Ridge  Ate..  Allegheny,  Pa. 

Baltzell,  William  H., 

Meehnnieal  Engineer.  with  Schoenherger  A:  Co.. 
Pittsburg,  Pa. 

h..  .-»12  S.  Linden  sT..  Pittsburg.  Pa. 


Date  of 
Election. 

I  one,  is  92. 


May,  1884. 

l*a. 


Pee..  1892. 


Barbour,  Geo.  H.,  April,  1S8S. 

Civil  Engineer.  (’are  of  Fort  Pitt  Bridge  Works. 

Canonsburg,  Pa. 


Barb,  Lawrence,  March,  1897. 

Telephone  Engineer,  with  (’.  D.  &  I*.  Tel.  Co. 

Pittsburg.  Pa. 

n..  012  Ivy  St..  Pittsburg.  Pa. 


Barrett,  7.  C., 

Chief  Chemist  for  The  Ohio  Steel  Co. 
Youngstown,  Ohio. 

April,  1892. 

Barton,  Henry  L., 

Asst.  Supt.  of  Westinghouse  Machine  Co 

East  Pittsburg,  Pa. 
in.  7217  MePherson  St..  Pittsburg,  Pa. 

April,  1895. 

Bates.  Onward, 

Engineer  and  Supt.  Bridges  A:  Buildings 
of  C.  M.  A:  P.  Ry., 

J 1  no  Old  Colony  Building.  ('hieago.  Ills. 

Nov.,  1882. 

Bayne,  Henry  P., 

Sept.,  Is99. 

Care  H.  W.  Johns  «’o.,  Seventh  Ave..  Pittsburg, 
h.,  •*( m;  s.  Dallas  Ave..  Pittsburg.  Pa. 

Pa. 

Beck  field,  Charles, 

Meebanieal  Engineer, 
h..  USDs  Simen  Ave..  Pittsburg,  Pa. 

Jan.,  1885. 

Benner,  Samuel  A., 

Sales  Dept.  Carnegie  Steel  Co..  Ltd.. 
Apartado  Postal  024.  Mexico. 

Dec.,  1 S95. 

Berg,  P.  T. , 

I  >ec.,  1892. 

Meehnnieal  Engineer,  with  Carnegie  Steel  Co.,  Ltd., 
at  Homestead  Ste**l  Works, 

M unhall.  Pa. 


Berg,  W.  Edward, 

Meehnnieal  Engineer  with  .loiies  Laughiins,  Ltd., 
h . .  8411  Ward  St..  Pittsburg.  Pa. 

Bernard,  H.  W., 

Mining  Engineer  and  Chemist.  with 
Carnegie  Steel  t'o..  Ltd..  Pittsburg.  Pa., 
h..  i::tHi  Esplanade  St..  Allegheny.  Pa. 

Beutner,  Victor, 

Meebanieal  Engineer, 
did  Smith  Building.  Pittsburg.  Pa 
h.,  Aspinwall.  Pa. 

Bigelow,  Edward  M., 

4< »t i  Fourth  Ave..  Pittsburg.  Pa. 

In.  sjr,  X.  Highland  Ave..  Pittsburg.  Pa. 

Black,  Samuel  W., 

Real  Estate  Agent.  S.  W.  Klnek  A  Co.. 

:u S  Fourth  Ave..  Pittsburg.  Pa. 
h..  Shields.  Pa. 


April,  1898. 
March,  ls9«>. 

Feb.,  189(1. 

JaD.,  1880. 
March,  1891. 
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Occupation  and  Address. 


Date  of 
Election. 


Name. 

Boden,  Daniel,  March,  1895. 

Supt.  Mansfield  Coal  and  Coke  Co., 

Carnegie,  Pa. 

Bole ,  Win.  .4.,  March,  1884. 

Supt.  Westinghouse  Machine  Co.,  East  Pittsburg,  Pa. 
h.,  722  S.  Negley  Ave.,  Pittsburg,  l'a. 

Bonar,  James,  March,  1899. 

Mechanical  Engineer  and  Manager,  Janies  Bonar  &  Co., 

1210  Carnegie  Bldg.,  Pittsburg,  Pa. 
li.,  4715  Monroe  Ave.,  Allegheny,  Pa. 

Bowman,  F.  M. ,  April,  1893. 

Engineer,  Structural  Iron  Works,  Riter-Conley  Mfg.  Co., 

Allegheny,  Pa. 

Bradford,  William,  March,  1893. 

Civil  Engineer,  341  Fourth  Ave.. 
h.;  142  S.  Negley  Ave.,  Pittsburg,  Pa. 

Brashear ,  John  A.,  *  March,  1884. 

Astronomical  and  Physical  Instrument  Manufacturer, 

1904  Perrysville  Ave.,  Allegheny,  Pa. 

Brown,  Alba  Fisk, 

32  Fidelity  Bldg.,  Pittsburg,  Pa. 

271  40th  St.,  Pittsburg,  Pa. 

Brown,  Francis  H., 

Brown  &  Zortman  Machinery  Co., 

No.  1  Wood  St.,  Pittsburg,  Pa. 

Browne ,  Geo.  //., 

General  Manager  Philadelphia  Co., 

Second  Floor,  Westinghouse  Bldg.,  rittsburg.  Pa. 
h.,  0S07  Thomas  St.,  Pittsburg,  Pa. 

Browne,  W.  R., 

Supt.  Bureau  Eng.  &  Surveys,  City  Hall.  Pittsburg,  Pa. 
h.,  Wellesley  &  Euclid  Aves.,  Pittsburg,  Pa. 

Bryan,  Charles  W.,  March,  1894. 

Chief  Engineer  Edge  Moor  Bridge  Works, 

Empire  Bldg.,  Pittsburg.  Pa. 

Bryen,  George  J.,  April,  1900. 

.  Duquesne  Steel  Works,  of  Carnegie  Steel  Co.,  Duquesne.  Ta. 

Brynn,  Pierre,  March,  1892. 

Shiffler  Bridge  Co.,  Pittsburg,  Pa. 
h.,  4741  Friendship  Ave.,  Pittsburg,  Pa. 

Buente,  Charles  F.,  Jan.,  1887. 

Buente,  Martin  &  Co.,  10th  St.  &  Duquesne  Way,  Pittsburg  Pa., 

.Stone  and  Brick  Contractor, 
h.,  Perrysville  Ave.  and  Charles  St.,  Allegheny,  Pa. 

Cadman,  A.  W.,  Jan.,  1886. 

Pres.  Cadman  Mfg.  Co., 

63  Water  St.,  Pittsburg,  Pa. 
h.f  Eugewood,  Pa. 

Camp,  James  M.,  Director ,  May,  1882. 

Metallurgical  Engineer  and  Chemist  for  Duquesne  Steel  Works, 
and  Blast  Furnaces  of  Carnegie  Steel  Co.,  Ltd., 

Duquesne,  Pa. 

h.,  1226  Rebecca  St.,  Allegheny,  Pa. 

Capen,  Arthur  B.,  April,  1900. 

The  Babcock  &  Wilcox  Co..  New  York.  N.  Y. 
h.,  Hotel  Schenley,  Pittsburg,  Pa. 

Card,  W.  W.,  June,  1892. 

Secretary  Westinghouse  Air  Brake  Co.,  Wilmerdiug,  Pa. 
h.,  Penn  anu  Lang  Aves.,  Pittsburg.  Pa. 


April,  1893. 
Feb.,  1900. 
Jan.,  1880. 

Jan.,  1880. 


LIST  OF  MEMBERS. 


t 


Date  of 
Election. 


Feb.,  1883. 


Name.  Occupation  and  Address. 

Cariiart,  Daniel, 

Dean  and  Professor  of  Civil  Engineering  at 
W.  U.  of  I*.,  Allegheny,  I’a., 
h.t  1410  Centre  St.,  Station  “D,”  Pittsburg,  Pa. 

Carlin,  John  H.,  Nov.,  1900. 

Carlin  Machinery  &  Supply  Co.,  ISO  Lacock  St.,  Allegheny,  Pa. 
h.,  435  Graham  St.,  Pittsburg,  Pa. 

Carlin,  Thomas  H. , 

Manufacturer, 

.  36  E.  Bobinson  St.,  Allegheny,  Pa. 


May,  1885. 


Carnegie,  Andrew, 
Chambers,  Jr.,  J.  S., 


Chess,  Harvey  B., 


Chester,  John  N., 


5  West  51st  St..  New  York. 
Civil  Engineer, 

110  Church  Ave.,  Allegheny,  Pa. 

Chess  Brothers, 

531  Wood  St.,  Pittsburg,  Pa. 
b.,  816  Aiken  Ave.,  Pittsburg,  Pa. 


April,  1880. 
Sept.,  1883. 

Feb.,  1880. 

Dec.,  1896. 


Manager, 

GOO  Lewis  Block,  Pittsburg,  Pa. 
h.,  Sewickley,  Pa. 

Chester,  Wilfred  D., 

1217  Empire  Bldg.,  Pittsburg,  Pa. 
h.,  235  McKee  Place,  Pittsburg,  Pa. 

Clapp,  George  H., 

Chairman  Pittsburg  Testing  Laboratory,  Limited, 

325  Water  St.,  Pittsburg,  Pa. 
h.,  Emsworth,  Pa. 

Clark,  Milnor  P., 

With  Julian  Kennedy, 

616  Smith  Bldg.,  Pittsburg,  Pa. 
h.,  803  E.  Park  Way,  McKeesport,  Pa. 

Clifford,  William, 

Mining  Engineer  (Ventilation), 

Jeannette,  Pa. 

Coffin,  Jr.,  William  C., 

Vice-Pres.  ltiter-Conley  Mfg.  Co., 

55  Water  St.,  Pittsburg,  Pa. 
h.,  5506  Baum  St.,  Pittsburg,  Pa. 

Connelley,  Clifford  B.,  Director , 

Supt.  of  Industrial  Schools  of  Allegheny,  Pa., 

Page  and  Fulton  Sts.,  5tli  Ward  School.  Allegheny,  Pa. 
h.,  Osgood  and  Maple  Aves.,  Allegheny,  Pa.  ' 

Conner,  William  A.,  March,  1897. 

Gen.  Supt.  Standard  Underground  Cable  Co.,  Pittsburg,  Pa., 
h.,  10  Oakland  Square,  Pittsburg,  l’a. 

Cooper,  C.  A.,  Feb.,  1881. 

Civil  Engineer,  Edeburn,  Cooper  &  Co., 

410  Grant  St.,  Pittsburg,  Pa. 
h.,  Coraopolls,  Pa. 

Cooper,  Frank  Irving,  April,  1892. 

Architect. 

Wayland,  Mass. 

Corey,  William  E.,  Nov.,  1897. 

Genl.  Supt.  Homestead  Steel  Works  of  Carnegie  Steel  Co.,  Ltd.. 

Munhall,  Pa. 


April,  1900. 
Nov.,  1882. 

Feb.,  1900. 

Jan.,  1899. 
Oct.,  1883. 

May,  1891. 


8 


ENGINEERS  SOCIETY  OF  WESTERN  PENNSYLVANIA. 


Rate  of 
.  Election. 


Nov.,  1889. 
April,  1892. 

Nov.,  1897. 


Name.  Occupation  and  Address. 

Cornelius,  William  A., 

With  National  Tube  Works.  McKeesport,  Pa. 

Coster,  William  II., 

Coster  A  Kiddle.  40.1  Fourth  Ave.,  Pittsburg.  Pa., 

<  ’heniist. 

h.,  Shady  Ave.,  above  Fifth  Ave..  Pittsburg.  Pa. 

Covell,  Vernon  R., 

Civil  Engineer  with  County  Engiueerof  Allegheny  Co.,  Pittsbnrg,  Pa. 
h..  440  Rebecca  Ave.,  Wilkinsburg.-  Pa. 

Cravek,  Harrison  W. ,  June,  1900. 

Carnegie  Library,  Pittsburg,  Pa. 

Crawford,  David  F.,  June,  1899. 

Asst.  Supt.  Motive  Power,  Penna.  Lines  West  of  Pittsburg,  Pa. 

Care  of  Penna  Co.,  Ft.  Wayne,  I  ml . 

Crooner,  Jr.,  Ralph,  March,  1896. 

Mechanical  Engineer,  with  Lorain  Steel  Co..  Lorain.  Ohio. 

h.,  Elyria,  Ohio. 

Cunningham,  Edward  W.,  March,  1890. 

Civil  Engineer,  with  Shoenberger  Steel  ('o.,  Pittsbnrg.  Pa. 

It.,  327  S.  Highland  Ave.,  Pittsburg.  Pa. 

Cunningham,  Jno.  M., 

Civil  Engineer  and  Contractor, 
with  Schultz  Bridge  &  Iron  Co..  Ltd., 

Empire  Bldg..  Pittsburg.  Pa. 

Daft,  L.  J. , 

( Constructing  Engineer. 

with  Ingersoll.  Sergent  Drill  Co..  Cleveland.  Ohio, 
l.(>20  Williamson  St.,  Cleveland.  Ohio. 

Dai  ( 'harles. 

County  Engineer. 

Court  House.  Pittsburg,  Pa., 
h.,  91 2  AVestern  Ave.,  Allegheny,  Pa. 

Davis,  Charles  H., 

00  Cedar  St.,  New  York. 

Davis,  Harry  P., 

Electrical  Engineer, 

with  the  AVestingliouse  Electric  and  Alfg.  Co..  East  Pittsburg,  Pa. 
h.,  327  Neville  St..  Pittsburg.  Pa. 

Dari  son.  Geo.  /SI, 

Secy.  AI.  St.  By.  Co..  Mellon  Bldg..  Pittsburg.  Pa. 
h.,  312  S.  Evaline  St.,  Pittsburg.  Pa. 

Deforth,  John  M., 

Civil  Engineer,  Pittsburg  Bridge  Co.. 

38th  St.,  and  A.  A'.  R..  Pittsburg.  Pa. 
h..  .1433  Kincaid  St..  Pittsburg,  Pa. 

Dempster ,  .  1  lev. , 

Ibes.  Pittsburg  AYire  Co.. 

404  Monon.  Nat’l.  Bank  Bldg..  Pittsburg.  Pa. 
h.,  Stanton  and  Euclid  Ares..  Pittsburg.  Pa. 

Diescher,  Samuel, 

Civil  and  Mechanical  Engineer, 

Rm.  714  Hamilton  Building,  Pittsburg.  Pa. 
h.,  Republic  and  Grandview  Aves..  Pittsburg,  Pa. 

Dinke\t,  A I  A’ A  C., 

Supt.  Electrical  Dept.  Homestead  Steel  Works, 
of  Carnegie  Steel  Co..  Ltd..  Munhall.  Pa. 

Dowling,  Martin  J., 

Supt.  Bessemer  and  Open  Hearth  Depts.  of 
Jones  A  Laughlins.  Ltd..  Pittsburg.  Pa. 
h.t  Ward  and  Cato  Sts.. 


Dec.,  1896. 

■Sept  ,  1897. 

Jan.,  1880. 

May.  1900. 
Dec.,  1808. 


Dec.,  1880. 
Feb.,  1891. 

Jan.,  1880. 

Jan.,  1800. 

Nov  .  1897. 
Nov.,  1900. 


LIST  OF  MEMBERS 


Occupation  ami  Address. 


Bate  <>f 
Fleet  i<m. 


Name. 

Dubbs,  J.  A.,  Dec*.,  1892. 

The  Mexican  Sulphur  Co. .  40o  Hake  well  1  tliljr--  Pittsburg.  I’a 


h.,  11*42  Forbes  St..  Fit t short:.  Fa. 

Duck ii am,  Albert  E., 

Ci\il  Engineer, 

h.,232  s.  Rebecca  St.,  K.  F..,  I*itttburg,  Pa. 


Dudley,  C.  B., 

Eckert,  Edward  W., 
Edehurn,  William  A., 


Chemist,  F.  R.  It.  Co.. 
Altoona.  Fa..  (Brower  .T54.) 

4.T2  \Y.  1AM  St..  New  York. 


(  ivil  Engineer, 

+  12  < Irani  St..  Pittsburg.  Fa. 
h..  .'*012  Rural  St..  Pittsburg.  Fa. 


March,  1>92. 

April,  1892. 

Jan. ,  1881. 
Jan..  lssO. 

M  arch,  1  s9t5. 


Eulers,  Charles  \\  ., 

Assist.  Engineer.  Bureau  of  Engineering  and 
Surveys,  City  of  Allegheny.  I’a..  (>1."»  N.  IMamond  St..  Allegheny.  Fa. 
h..  1*20  I.owrie  St..  Allegheny.  Fa. 


March,  1896.. 
Sept.,  1900. 
Feb.,  1888. 


Elliott,  James  R., 

Civil  Engineer,  with  Wilkins  \  Bavison. 

Rm.  91  Westinghouse  Bnilding.  I’ittsburg.  Fa. 

Ely,  Sumner  B., 

American  Sheet  Steel  Co..  Yandergrift.  1  *a. 
h..  922  Bidwell  St..  Allegheny.  Fa. 

Engle,  George  U., 

Assist.  Engineer,  I’..  <\.  C.  \  St.  I..  Ky.. 

General  Offices  Fenna  Company. 

10th  St..  Penn  Avc..  Fittslmrg.  Fa. 

Engstrom,  Frans, 

Engineer. 

h..  .“,721  Bouquet  St..  Pittsburg.  Fa. 

Erickson,  Edward  E  , 

Engineer  and  Contractor. 

240  Third  Ave..  l’ittshurg.  Fa. 
h..  227  Col  tart  St..  Pittsburg.  Fa. 

Estep,  Frank  A., 

Pres.,  R.  I).  Xuttall  Co..  Oarrison  Alley  and  Fayette  St..  Pittsburg.  Fa 
h.,  422  Rebecca  St..  Fittslmrg.  Fa. 

Evans,  Rawdon, 

Purchasing  Agent.  P.  &  E.  E.  R.  It.  Co.. 

Rm.  804  Bank  of  Commerce  Bnilding.  Fittslmrg.  Fa. 
h..  New  Brighton.  I’a. 

Falconer,  Robert  C., 

i’enna.  Co.,  10th  St.  and  Penn  Ave.. 

Pittsburg.  I’a. 

Farrar,  C.  J., 

Engineer  and  Contractor. 

The  Loraine  Steel  Co..  Johnstown.  Fa. 
h..  41G  Lincoln  St..  Johnstown.  Fa. 

Fawcus,  Thos., 

Faweus  Machine  Co..  Pittsburg.  Fa. 
h..  Crafton,  I’a. 

Fawell,  Joseph, 

Mackintosh.  Hemphill  Co..  Fittslmrg.  Fa., 
h.,  212  Denniston  Ave..  E.  E..  Fittslmrg.  Fa. 

Fessenden,  Reginald  A., 

Consulting  Electrical  Engineer  (Fessenden  «v  Fidlngerl. 

JK»  Penn  Ave.,  I’ittsburg.  Pa. 

Care  of  Weather  Bureau.  Washington.  I*.  C. 


Sept.,  1882. 
April,  S98 

Nov.,  1899. 
mrg.  Fa. 

March,  1S9J. 

June,  I960. 
Feb.,  1892. 

Jan.,  1896. 
March,  1899. 
June.  1  s94. 
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Date  of 
Election. 


Name.  Occupation  and  Address. 

Fisher,  Henry  \V.,  President , 

Gen.  Supt.  Pgh.  Factory  and  Chief  Electrical 
Engineer  for  Standard  Underground  Cable  Co., 

16th  and  Pike  Sts.,  Pittsburg,  Pa. 
h.,  5169  Woodworth  St.,  Pittsburg,  Pa. 

Fitzgerald,  Charles, 

Supt.  Consolidated  Traction  C'o.,  TimesBuilding,  Pittsburg,  Pa. 
h.,  316  Evaline  St.,  Pittsburg,  Pa. 

Flanagan,  Gerald  E., 

Chief  Draughtsman, 

Hydraulic  Machine  Co.,  54th  St.,  Pittsburg,  Pa. 

li.,  312  N.  St.  Clair  St.,  Pittsburg,  Pa. 

Flint,  Wm.  P., 

»  Mechanical  Engineer  with  Westinghouse  Machine  Co.. 

East  Pittsburg,  Pa., 

P.  O.  Box  224,  East  Pittsburg,  Pa. 

Fogg,  Lewis  W  , 

American  Coke  Co.,  Uniontown,  Pa. 

Fohl,  William  E., 

Mining  Engineer, 

\  Masontown.  Fa. 

Frank,  Isaac  W., 

Pres,  and  Gen.  Mgr.  Frank-Kneeland  Machine  Co., 

54th  St.  and  A.  V.  R.  It.,  Pittsburg,  Pa. 

li.,  Sheffield  St.,  Allegheny,  Pa. 

Friedi.aender,  Eugene, 

Electrical  Engineer,  with  Carnegie  Steel  Co.,  Ltd., 

Duquesne  Steel  Works  and  Blast  Furnaces, 

Duquesne,  Pa. 

Frohman,  E.  D., 

Chemist  for  The  S.  Abermayer  Co., 

Cincinnati.  Ohio. 

Frost,  Albert  E..  Treasurer, 

Prof,  of  Physics, 

Western  University  of  Penna.,  Allegheny,  Pa. 
h.,  Winthrop  St.,  Pittsburg,  Ta. 

Fulton,  Louis  B., 

Pres.  Chaplin-Fulton  Mfg.  Co.,  Bell  Brass 
Founders  and  Machinists, 

34  Penn  Aye.,  Pittsburg,  Pa. 
h.,  447  Atlantic  Ave.,  Pittsburg,  Pa. 

Garrigues,  W.  E., 

Cousulting  Chemical  Engineer, 

1123  Broadway,  New  York. 

Gayley,  James, 

Director 

Carnegie  Steel  Co.,  Ltd.,  Pittsburg,  Pa.,  Vice-Pres.  Oliver  Iron  Mining  Co. 

li.,  5519  Fifth  Ave.,  Pittsburg,  Pa. 

Geddis,  Robert,  May,  1899. 

Salesman  with  Jones  &  Laughlins,  Ltd.,  Pittsburg,  Pa. 

Care  of  Jones  &  Laughlins,  Ltd.,  Pittsburg,  Pa 


Jan.,  1895. 

Jan.,  1896. 
’a. 

Jirtip,  1894. 
April,  1898. 

March,  1900. 
Jan.,  1897. 

Feb.,  1882. 

April,  1897. 

April,  1896. 
Jan.,  1880. 

April,  1888. 

May,  1895. 
Jan.,  1899. 


Gibson,  Harry  W., 


Patton  &  Gibson,  General  Contractors, 
531  Wood  St.,  Pittsburg.  Pa. 
h.,  27  Fifth  Ave.,  McKeesport,  Pa. 


Gilfillan,  Geo.  A., 


General  Engineer. 

341  Fourth  Ave.,  Pittsburg.  Pa. 
h.,  237  S.  Highland  Ave.,  Pittsburg.  Pa. 


Jan.,  1899. 


June,  1899. 


LIST  OF  MEMBERS. 


1  1 


Name.  Occupation  and  Address. 

Ginder,  W.  H.  H., 

Chemist  for  American  Sheet  Steel  Co., 
Yandergrift,  Pa. 

Glafey,  F.  A., 

American  Bridge  Co., 

712  Empire  Bldg.,  Pittsburg,  Pa. 

Glass,  George  G., 

Chemist  LaBelle  Steel  Works, 
Allegheny,  Pa. 

h.,  1301  Locust  St.,  Pittsburg,  Pa. 

Glaubitz,  Hugo  J., 


Date  of 
Election. 

Oct.,  1900. 
Oct.,  1883. 
March,  1892. 

May,  1899. 


Nov.,  1894. 

Feb.,  1880. 

Jan.,  1895. 

June,  1885. 

Sept.,  1899. 
Oct.,  1892. 

March,  1899. 


Mechanical  Engineer 
With  Julian  Kennedy,  Pittsburg.  Pa., 
h.,  Clayton  Ave.  Allegheny,  Pa. 

Goldie,  William, 

Mechanical  Expert,  with  Dilworth,  Porter  &  Co., 

P.  O.  Box  575,  Wilkinsburg,  Pa. 

Goodyear,  S.  W., 

With  Crescent  Steel  Co., 

Waterbury,  Conn. 

Gow,  Alex.  M., 

East  Pittsburg  Gas  Works, 

East  Pittsburg,  Pa. 

Grant,  H.  E., 

Chairman  of  Oliver  P.  Scaife  &  Co.,  Ltd. 
h.,  Chatsworth  Ave.,  Hazelwood,  I'a. 

Gray,  L.  J., 

No  address. 

Greenwood,  Geo.  F., 

Consulting  Engineer, 

Middletown,  N.  J. 

Greenwood,  Michael, 

Agent  for  Laidlaw,  Dunn,  Gordan  Co.,  317  Third  Ave.,  Pittsburg.  I'a., 

h.,  10  Bayne  Ave.,  Bellevue,  Pa. 

Gross,  Abraham,  Feb.,  1898. 

Chemist  for  Walkers’  Soap  and  Candle  Works,' 

Allegheny,  I'a. 

h.,  341  Oakland  Ave.,  Pittsburg,  I'a. 

Gwinner,  Jr.,  Fred,  Sept.,  1882. 

General  Contractor, 

1801  Market  St.,  Allegheny,  Pa. 
h.,  California  Ave.,  near  Superior  Ave.,  Allegheny,  Pa. 

Hackett,  Geo.  W.,  March,  1883. 

Secy  National  Cement  Co.. 

15  Second  National  Bank  Bldg.,  Pittsburg,  Pa. 
h.,  41G  Morewood  Ave.,  Pittsburg,  Pa. 

Hamilton,  Thomas  G., 

Engineer  Street  Railway  Construction, 

Care  Havana  St.  Ry.  Co.,  Havana,  Cuba. 

Handy,  James  0., 

Chief  Chemist  Pittsburg  Testing  Laboratory.  Ltd. 

325  Water  St.,  Pittsburg.  Pa. 
h.,  81  Park  View  Boulevard,  Pittsburg,  I'a. 

Hardie,  J.  B., 

Engineer,  with  Carnegie  Steel  Co..  Ltd., 

Howard  Axle  Works,  Homestead.  Pa. 

Harlow,  Geo.  R., 

Civil  Engineer.  James  H.  Harlow  &  Co.,  701  Wood  St.,  Pittsburg,  Pa. 

Station  “D,”  Pittsburg.  Pa. 


Jan.,  1899. 
Nov.,  1896. 

Feb.,  1891. 
April,  1881. 
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Name. 

Harlow,  Jas.  H., 


Occupation  and  Address. 


Date  of 
Election. 

Jan.,  ] 880. 


Maich,  1892. 

May,  1900. 
Oct.,  1892. 


Jan.,  1899. 
April,  1893. 


.las.  II.  Harlow  &  Co.,  Hydraulic  Engineers. 

Station  “I>,”  Pittsburg,  Pa. 

Harrison,  A.  B., 

Chemist  Clinton  Iron  and  Steel  Co., 

S.  S..  Pittsburg,  Pa. 

Haslam,  Edwin  H., 

b.,  417  Dennison  Ave.,  E.  E.,  Pittsburg,  Pa. 

Hays,  Wm.  H., 

Chairman  Iron  City  Tool  Works,  Ltd., 

.42d  and  Smallman  Sts.,  Pittsburg,  Pa. 
h.,  r>2<)0  Westminster  St.,  Pittsburg,  Pa. 

Heffrin,  Harry, 

Electrical  Engineer  and  Draughtsman, 

Care  of  F.  It.  Dravo  &  Co..  Lewis  P.lk.,  Pittsburg.  Pa. 

Henry,  William  D. 

Secy.  National  Fire  Proofing  Co., 

Um.  SI 6  Carnegie  Rhlg.,  Pittsburg.  Pa. 

Herr,  E.  M. ,  .  March,  1900. 

General  Manager.  Westingliouse  Air  Drake  Co.,  Wilmerding.  Pa. 
Westingliouse  Air  Brake  Co.,  Wilmerding,  Pa. 

Herring,  E.  A., 

Civil  Engineer,  City  Hall.  Pittsburg.  Pa. 
li. ,  272  Fisk  Sr.,  Pittsburg.  Pa. 

Hirscii.  Richard,  Director, 

Draughtsman,  with  H.  K.  Porter  &  Co..  10th  Sr. 

1418  Fifth  Ave.,  Pittsburg.  Pa. 

Hoag,  Jr.,  Israel  V., 

U  S.  Asst.  Eng.,  Federal  Building,  Pittsburg,  Pa. 

S14  South  Ave.,  Allegheny,  Pa. 

Hodge,  Geo.  Edw., 

Swissvale,  Pa. 

Hodgkinson,  Francis, 

Engineer,  with  Westingliouse  Machine  Co..  East  Pittsburg.  Pa. 
h.,  810  Walnut  st..  Edgewood,  Pa. 

Hoerle,  Edward,  Get.,  1900. 

Supt.  of  Construction,  Duquesne  Steel  Works  of 
Carnegie  Steel  Co.,  Duquesne,  Pa. 

h..  5(549  Second  Ave.,  Pittsburg,  Pa. 


April,  1890. 
Dec.,  1894. 

Nov.,  1888. 

Jan.,  1900. 
April,  1897. 


Hoitl,  L.  J., 
Holland,  W.  J., 
Holmes,  A.  G., 


Pittsburg,  Pa. 

h.,  5th  Ave..  Oakland.  Pittsburg.  Pa. 


Sept.,  1888. 
Dec.,  1888. 
March,  1894. 


General  Manager,  Pittsburg  Meter  Co. 

East  Pittsburg,  Pa. 

March,  1892. 

Gen’l  Supt.  P.,  B.  &  L.  E.  It.  It.  Co.,  Carnegie  Bldg.,  Pittsburg,  Pa. 

Beaver.  Pa. 

Dec.,  1895. 

Consulting  Engineer. 

7<>2  Ferguson  Block.  Pittsburg.  Pa 
h.,  242  Ditliridge  St..  Pittsburg.  1’a. 

Hunter,  Jr.,  David,  April,  1898. 

Supr.  Allegheny  City  Light  Plant. 

Allegheny,  Pa. 

h..  3402  Perrvsville  Ave..  Allegheny,  Pa. 


House,  F.  E., 

Gen’l  Suj 

Huber,  Sigmund  V., 


LIST  OF  M EMUKRs 


1 


•> 
*  # 


Name 

Hussey,  Curtd  «t.. 


Occupation  ami  Addre 


Curran  &  Hussey. 

Engineers  and  General  Contractors. 
215%  Fourth  Ave.,  IMttshurg,  !*a. 
h..  Cedar  and  Church  Aves..  Allegheny,  l*a. 


Hydb,  Charles, 


Consulting  Mechanical  Engineer. 
Room  t»o2  Lewis  Block,  IMttshurg.  l*a. 
li.,  1  Whitney  Terrace,  IMttshurg.  Pa. 


Jackman,  Frank 


list h  and  It.  It.  Sts. 
li.,  54:  !0  Patton  St.,  IMttshurg.  Pa. 


James,  Reks, 

Si 

Jamison,  VV\  \\\, 
Jenkins,  J.  B., 


Supt.  Open  Hearth  Dept.  The  Carnegie  Steel  Co.,  Ltd., 
Homestead  Steel  Works.  Munhall.  Pa. 


Sujtt.  The  Penn  Mining  Co., 
Seattle,  Washington. 


Date  of 
Lied  ion. 

June,  189:;. 


Oct.,  1887. 

March,  1900. 
March,  lHtr.t. 

Sept.,  1893. 
Dec.,  lKHh. 


Civil  Engineer,  Topographical  Draughtsman. 

Dept,  of  Street  Improvements.  2.‘*>d  and 
Warden.  New  York  City. 

Jenks,  I.  Walter, 

1415  Locust  St.,  Allegheny,  Pa. 

Johnson,  Charles  31., 

Analytical  Chemist,  with  Park  Bros.  &  Co.. 

Box  101.  Avalon,  Pa. 

Johnson,  Thos.  If., 

Chief  Engineer  1\.  C..  C.  A  St.  Louis  By.. 

10th  St.  and  Penn  Ave.,  Pittsburg.  Pa. 
h..  010  S.  Xegley  Ave..  IMttshurg.  Pa. 

Jones*  Arthur  B., 

Bak“r  &  Adamson  Chemical  Co., 

Versailles,  Pa. 

Jones,  Benjamine  F. , 

Trs.  Jones  &  Laughlins,  Ltd.,  S.  S..  Pittsburg,  Pa 
h.,  701  Irwin  Ave..  Allegheny.  Pa. 

Jones,  David  P  , 

Bin.  7.  Stevenson  Bldg..  Pittsburg.  Pa. 
h..  Hotel  Sehenley.  IMttshurg.  Pa. 

Jones,  W.  L., 

Cell.  Mgr.  Jones  A  Laughlins.  Ltd.. 

South  Side.  IMttshurg.  Pa. 

It..  5722  Fifth  Ave.,  Pittsburg,  Pa. 

.Tut he,  Kristian  A  , 

Chicopee  Falls.  Mass. 

Karch,  Joseph  P., 

Draughtsman,  with  Westinghouse  Machine  Co..  East  IMttshurg.  Pa. 

Amber  Club,  IMttshurg,  Pa. 

Kaufman,  Gustave, 

Consulting  Engineer  and  Contractor. 

125  East  09th  St..  New  York. 

Kay.  James  I., 

Kay  &  Totten, 

Attorney  at  Law  and  Patent  Solicitor, 

120  Diamond  St..  IMttshurg,  Pa. 
h..  Forbes  and  Murdoch  Sts..  Pittsburg.  Pa. 

Keller,  Oh  a-., 

Chemist. 

h..  IB’  Biddle  Ave..  Station  “D."  Pittsburg.  Pa. 


March,  1899. 
April,  1892. 

Jan.,  IHKH. 

June,  1900. 
April,  1881. 
Dec.,  1899. 
March,  1888. 

June,  1900. 

April,  1898. 

.  Pa. 

Nov.,  1880. 
Feb..  1885. 

March,  1895. 
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Name. 


Occupation  and  Address. 


Keller,  E.  E., 

Vice  President  and  General  Manager 
Westinghouse  Machine  Co.,  East  Pittsburg, 
Edgewood  Park,  Pa. 


Kelley,  J.  A., 
Kelley,  J.  W. , 
Kelley,  M.  B., 


Reliance  Steel  Casting  Co.,  Ltd., 
36th  and  A.  V.  R.  It.,  Pittsburg,  Pa. 


Contractor. 

P.  O.  Box  13,  Joplin,  Mo. 


Iron  and  Steel, 

703  Wylie  Ave.,  Pittsburg,  Pa. 


Kemery,  Philo, 

Chemist,  Crescent  Steel  Works, 
51st  St.  and  A.  V.  It.  R.,  Pittsburg, 
227  Fisk  St.,  Pittsburg,  Pa. 

Kemler,  W.  H.. 

Station  C.  Pittsburg,  Pa. 


Kennedy,  David  S., 

Supt.  of  Rolling  Mill.  The  Carnegie  Steel  Co., 
Homestead  Steel  Works,  Munhall,  Pa. 

Kennedy,  Julian, 

Mechanical  Engineer, 

616  Smith  Bldg.,  Pittsburg,  Pa. 
h.,  3501  Forbes  St.,  Pittsburg,  Pa. 

Kimball,  F.  I., 

Civil  Engineer,  Supt.  Ocean  Coal  Co., 
Herminie,  Pa. 

King,  Thomas  M., 

Third  Vice  Pres.  B.  &  O.  R.  R., 
Allegheny,  Pa. 

Kirk,  Arthur, 

Arthur  Kirk  &  Son,  Co., 

910  Duquesue  Way,  Pittsburg,  Pa. 
h.,  Sharpsburg,  Pa. 

Kirtland,  Alfred  P., 

Sec.  Marble  Hill  Quarry  Co., 

Rm.  1206  Carnegie  Bldg.,  Pittsburg,  Pa. 
h.,  215  Craig  St.,  Pittsburg,  Pa. 

Klingelhofer,  Geo.  E  , 


Date  of 
Election. 

April,  1895. 

Pa. 

March,  1885. 
Jan.,  1885. 
Oct.,  1891.. 
April,  1892.. 

Feb.,  1891. 
June,  1899. 

Ltd., 

May,  1886. 

June,  1888. 
Feb.,  1882. 
March,  1882. 

Nov.,  1887. 

Dec.,  1895. 


Pittsburg  Valve  &  Machine  Co.,  2722  Smallman  St., 
h.,  5515  Howe  St.,  E.  E.,  Pittsburg,  Pa. 


Knotts,  Geo.  W., 
Knox,  Francis  H., 

Knox,  William  J., 

Koch,  W.  E., 
Lamb,  Geo.  , 


With  Lincoln  Foundry  Co., 
Butler  and  60th  Sts.,  Pittsburg,  Pa. 
h.,  520  Mellon  St.,  Pittsburg,  Pa. 


Electrical  Engineer, 
Peoples  Light,  Power  and  Ry.  Co., 
Spartanburg,  S.  C. 


Chemist  for  Geo.  Westinghouse, 
820  Penn  Avenue,  Pittsburg,  Pa. 


Sharpsburg,  Pa. 


Government  Printing  Office. 
Washington,  D.  C. 


April,  1899. 


June,  1899. 


Feb.,  1899. 

April,  1887. 
Feb.,  1892. 
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Occupation  ami  Address. 


Date  of 
Election. 


Name. 

Landis,  John  YV.,  Dec.,  1900. 

Manager  Pittsburg  office,  The  Goubert  Mnfg.  Co., 

501  Murtlaml  Bldg.,  Pittsburg,  Pa. 

Lange,  Philip  A.,  Oct.,  1896. 

Gen’l  Supt.  Westingliouse  Electrical  &  Manufacturing  Company, 

East  Pittsburg.  Pa. 
li.,  Edgewood  Park,  Pa. 

Langenheim,  Gustave  C., 

Civil  Engineer, 

Supt.  Bureau  of  Engineering  and  Survey, 

City  Engineer’s  Office,  Allegheny,  Pa. 
h.,  Itiverview  Ave.,  Allegheny,  Pa. 

Lauder,  Geo., 

Director  Carnegie  Steel  Co., 

Rm.  325  Carnegie  Bldg.,  Pittsburg.  Pa. 
h.,  7403  Penn  Ave.,  Pittsburg,  Pa. 

Laughlin,  Alex., 

Furnace  Contractor  and  Engineer, 

Mechanical  Engineer  of  Alex.  Laughlin  it  Co., 

Rm.  700  Lewis  Block,  Pittsburg,  Pa. 
h.,  Sewickley,  Pa. 

Lawrence,  C.  K., 

C.  of  G.  Ry.,  Dothan,  Ala. 


Feb.,  1896. 

May,  1885. 
Feb.,  1893. 


Leaf,  James  P., 

City  Engineer  of  Rochester,  Freedom  and  Monaca. 

Rochester,  Pa. 

Ledger,  YVm.  H., 

Keystone  Bridge  Works, 

Pittsburg,  Pa. 

Lewis,  Harry 

Civil  Engineer. 

602  Times  Building,  Pittsburg,  Pa. 
h.,  18  Stanwix  St.,  rittsburg.  Pa. 


Lewis,  J.  L., 
Loeffler,  Geo.  O., 


Treas.  Pittsburg  Melting  Co., 
loth  St.,  S.  S.,  Pittsburg.  Pa. 


Chemist  of  Carbon  Steel  Co.,  Pittsburg, 
h.,  5105  Woodworth  St.,  Pittsburg,  Pa. 


Loomis,  De  Wayne, 
Luty,  B.  E.  V., 


Crafton,  Pa. 


Jan.,  1899. 
Feb.,  1899. 

April,  1900. 
May,  1890. 

March,  1880. 

April,  1892. 

March,  1894. 
Feb.,  1899. 


Feb.,  1898. 


Editor  Tin  &  Terne, 

53  Ninth  St.,  Pittsburg,  Pa. 
h.t  Ben  Avon,  Pa. 

Lynch,  Tillman  D., 

Inspector  of  Materials  at  Westinghouse  Electrical  and  Manufacturing  Co. 

East  Pittsburg,  Pa. 

h.,  81G  Wallace  Ave.,  Station  I),  Pittsburg,  Pa. 

Lynne,  Miss  Mary  L.,  March,  1893. 

Chemist  to  American  Reduction  Co.. 

1514-1526  Second  Ave.,  Pittsburg,  Pa. 
h.,  4021  Forbes  St.,  Pittsburg,  Pa. 

Lyons,  Jas.  K.,  March,  1892. 

Engineer  in  Charge  Bridge  Detailing,  Keystone  Bridge  Works, 

Carnegie  Steel..  Ltd., 
h.,  St.  Charles  Hotel,  Pittsburg,  Pa. 
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Naum. 

Macbeth,  Geo.  A., 


Occupation  and  Address. 


Date  of 
Election. 

Jan.,  1880. 


\pril,  1807. 


Nov.,  1892. 


March,  1892. 


Pres.  Macbeth-Evans  Glass  Co.. 

407  Penn  Ave.,  Pittsburg,  Pa. 

Li.,  717  Amberson  Ave.,  Pittsburg,  Pa. 

M  At  K ,  J.  S. , 

Mining  Engineer  for  Coulter  A  lluff  and 
Carbon  A-  Ilempfield  Coal  Companies, 

Greensburg,  Pa. 

Mackenzie,  Jas., 

Carnegie  Steel  Co.,  Ltd., 

1002  Carnegie  Bldg..  i'ittsburg,  Pa. 
li.,  Knoxville,  Pa. 

Manning,  IV.  T., 

Chief  Engineer,  B.  &  O.  R.  It., 

B.  &  o.  It.  It.,  Baltimore,  Maryland. 

Potomac  Construction  Co.,  1502  Equitable  Building,  Baltimore,  Md. 

Harden,  W.  R.,  May,  189b. 

Engineer,  The  I'ittsburg  Bridge  Co., 

38tli  St.  and  A.  V.  It.  It.,  Pittsburg, 
h.,  5107  Penn  Ave.,  Pittsburg,  Pa. 

Marshall,  C.  D.,  •  May,  1898. 

Secy,  and  Engineer  Shiftier  Bridge  Co., 
h.,  141  Fairmount  Ave.,  E.  E.,  Pittsburg,  Pa. 

Marshall.  George  D., 

Asst.  Inspector  of  Steel.  I'.  S.  X.. 

Bethlehem  Iron  and  Steel  Co.,  South  Bethlehem,  Pa. 


Jan.,  1897. 


Martin,  William, 

I'.  S.  Asst.  Engineer, 
li.,  14  Sprague  Ave.,  Bellevue.  Pa. 

Jan., 

1880. 

Mercader,  Camille 

r.  0.  Box  213,  Braddock.  1’a. 

Sept., 

1890. 

Mf.sta.  George, 

Pres.  Mesta  Machine  Co.. 

Rm.  70S  Lewis  Block,  I’ittsburg.  Pa. 
h.,  Homestead,  Pa. 

March, 

1888. 

Metcnlf,  WiHuini, 

Consulting  Engineer, 
h.,  1  Fulton  St..  Pittsburg,  l’a. 

Jan., 

18S0. 

Meyran,  Loris  A., 

Jan  , 

1884. 

Sec.  and  Treas.  Canonsburg  Iron  A  Steel  (’o., 
Itm.  421  German  Savings  Bank  Building.  Pittsburg, 
P.  O.  Box  954,  I'ittsburg.  Pa. 
h..  507  Shady  Ave.,  Pittsburg.  Pa. 

Miller,  H.  B.. 

li.,  507  Jones  Ave.,  Braddoelc,  Pa. 


Miller,  Henry  F., 


Pittsburg,  Pa. 


Miller,  William  B., 

h..  220  Meyran  Ave.,  I’ittsburg.  Pa. 

Miller,  Wilson, 


Pres.  I’ittsburg  Locomotive  and  Car  Works, 
h..  18  Lincoln  Ave.,  Allegheny.  Pa. 


Milliken,  A.  C., 


Pottsville  Iron  and  Steel  Co.. 
Pottsville,  Pa. 


March,  1893. 
Jan.,  1898. 
Dec.  1£99. 
May,  1885. 

Oct.,  1880. 

Jan.,  1897. 


’Mohr,  Jacob  A. , 


Chemist,  witli  Carnegie  Steel  Co..  Lid., 
Carrie  Furnaces.  Rankin.  Pa. 
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Date  of 

Name.  Occupation  and  Address.  Election. 

Moldenke,  Richard  G.  G.,  Oct.,  1699. 

Metalurgical  Engineer  for  Pennsylvania  Malleable  Co., 

P.  O.  Box  432,  New  York, 
h.,  McCandless  &  Stanton  Ave.,  Pittsburg,  Pa. 

Moorhead,  David  L.,  Jan.,  189S. 

Civil  Engineer  and  Surveyor, 

Indiana.  Pa. 

Morgan,  Thomas  R.,  March,  1S9S. 

Late  Gen’l  Mgr.  Morgan  Engineering  Co., 

1404  New  England  Bldg.,  Cleveland,  Ohio. 

Morrison,  Thos.,  April,  1893. 

Gen.  Supt.  Edgar  Thompson  Steel  Works  and  Furnaces,  and 
Director  The  Carnegie  Steel  Co.,  Ltd., 

Braddock.  I*a. 

Morse,  Edwin  K., 

Civil  Engineer, 

Rm.  1206  Carnegie  Building,  Pittsburg,  Pa. 
li.,  255  N.  Craig  St.,  Pittsburg,  Pa. 

Munroe,  Robt., 

It.  Munroe  &  Sons. 

23d  and  Smallman  Sts.,  Pittsburg,  Pa. 
li.,  S41  N.  St.  Clair  St.,  Pittsburg,  Pa. 

McAllen,  Wm.  J., 

Draughtsman, 

3S  Astor  St.,  Chicago,  Ill. 

McClelland,  Edward  S. , 

Chief  Draughtsman  Westinghouse  Machine  Co., 

East  Pittsburg,  Pa. 

h.,  Baxter  St.,  near  Brushton  Ave.,  Pittsburg,  Pa. 

McClintic,  Howard  H., 

McClintic-Marshall  Construction  Co., 

404  Park  Bldg..  Pittsburg,  Pa. 
h.,  10S  S.  Fairmount  Ave.,  Pittsburg,  Pa. 

McClintock,  H.  Plummer, 

Manufacturer.  McClintock  &  Irvine, 

South  Ave.  and  Snowden  St..  Allegheny.  Pa. 
h.,  123  N.  Linden  Ave.,  Pittsburg,  Pa. 

McConnell,  John  A., 

J.  A.  McConnell  &  Co.. 

203  Water  St..  Pittsburg,  Pa. 
h.,  143  Fayette  St..  Allegheny,  Pa. 

McCrickart,  James  Mont.  , 

Mining  Engineer  with  Selwyn  M.  Taylor, 

.'547  Fifth  Ave.,  Pittsburg,  Pa. 
h.,  5173  Cypress  St.,  Pittsburg,  Pa. 

McDonald,  Charles  F., 

Supt.  Converting  Dept., 

Duquesne  Steel  Works,  Duquesne,  Pa. 

McDonald,  F.  A., 

Civil  and  Mining  Engineer, 

Rm,  811  Penn  Building,  Pittsburg,  Pa. 

McDonald,  Lewis  N., 

Duquesne  Steel  Works,  of  Carnegie  Steel  Co.,  Duquesne,  Pa. 

McDonald,  Tiios.  M.,  March,  1893. 

General  Supt.  National  Steel  Co.. 

Youngstown.  Ohio. 

b.,  307  Madison  Ave.,  Youngstown,  Ohio. 

McDonough,  John,  March,  1898. 

National  Tube  Works,  McKeesport,  Pa. 


Jan.,  1896. 

April,  1880. 

Jan.,  1898. 
April,  1895. 

Oct.,  1892. 
Jan.,  1891. 

May,  1885. 

Jan.,  1898. 

Jan.,  1900. 
March,  1895. 
Jan.,  1900. 
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Jan.,  1891. 


April,  1892. 


April,  1898. 


'  Date  of 

Name.  Occupation  and  Address.  Election. 

McGary,  Daniel,  March,  1892. 

Master  Mechanic  for  J.  Painter  &  Sons’  Co.,  S.  S.,  Pittsburg, 
h.,  20  Meriden  St.,  Duquesne  Heights,  Pittsburg,  Pa. 

McGary,  E  L.,  May,  1897. 

Asst  Aigr.  A.  Garrison  Foundry  Co., 

Pittsburg.  Pa. 

h.,  20  Meriden  St.,  Duquesne  Heights,  Pittsburg,  Pa. 

McKaig,  Thomas  B., 

Sec’y.  Trade  Dollar  Mining  and  Milling  Co., 

Rm.  1111  Carnegie  Building,  Pittsburg,  Pa. 

li.,  300  S.  Linden  St.,  Pittsburg,  Pa. 

McKenna,  A.  G., 

A.  &  T.  McKenna  Brass  Co., 

220  Third  Ave.,  Pittsburg,  Pa. 
h.,  3<S0  Lehigh  Ave.,  Pittsburg,  Pa. 

McKinley,  Robert  M., 

Signal  Engineer,  with  Penna.  Lines  West  of  Pittsburg, 
h.,  4.30  Rebecca  St.,  Pittsburg,  Pa. 

McLaughlin,  Robert,  April,  1899. 

Draughtsman,  with  Westingliouse  Machine  Co.,  East  Pittsburg,  I’a., 
h.,  318  N.  St.  Clair  St.,  Pittsburg,  Pa. 

McLean,  Walter  M., 

Hite.  Fa. 

McLeod,  John, 

Asst,  to  Pres.  Carnegie  Steel  Co.,  Ltd., 

517  Carnegie  i>uilding,  Pittsburg,  Pa. 

li.,  Wilkinsburg,  Ta. 

McMurtry,  George  G., 

Pres.  American  Sheet  Steel  Co.,  . 

323  Fourth  Ave.,  Pittsburg,  Pa. 

P.  O.  Box  941,  Pittsburg,  Pa. 
h.,  920  Lincoln  Ave.,  Allegheny,  Pa. 

McNaugiier,  David  W., 

Civil  Engineer,  Inspection  and  Tests, 

Halstead  &  McNaugher, 

401  Monongaliela  Bank  Bldg.,  Pittsburg,  Pa. 

li,,  usgood  St.,  Allegheny,  Pa. 

McQuiston,  James, 

Jas.  McQuiston  &•  Co., 

26tli  and  Railroad  Sts.,  Pittsburg,  Pa. 
h.,  365  Atlantic  Ave.,  Pittsburg,  Pa. 

Neel  and,  M.  A., 

Mechanical  Engineer,  with  The  Wm.  Todd  Co., 

Youngstown,  Ohio. 

Nesbit,  Joseph  M., 

Attorney-at-Law  and  Solicitor  of  Patents, 

921  Park  Bldg.,  Pittsburg,  Pa. 
h.,  Wilkinsburg,  Pa. 

Newell,  Frank  C. 

Electrical  Engineer  for  Westingliouse  Air  Brake  Co.,  Wilmerding,  Ta. 

li..  423  Ross  Ave.,  Wilmerding,  Pa. 

Nichols,  C.  H., 

Civil  Engineer,  with  Post  &  McCord. 

410  St.  Nicholas  Ave.,  New  York,  N.  Y. 

Nichols,  Col.  T.  B., 

Retired  Officer,  V.  S.  Army, 
h.,  1125  Allegheny  Ave.,  Allegheny.  Pa. 

Noble,  Patrick, 

Gen.  Mgr.  1  he  Pacific  Rolling  Mill  Co.. 

San  Francisco,  Cal.. 

100  Market  St.,  San  Francisco,  Cal. 


Dec.,  1899. 
March,  1897. 

Feb.,  1882. 

Dec.,  1896. 

Feb.,  1885. 

May,  1894. 
June,  1899. 

Oct.,  1900. 
ig,  Pa. 

Nov.,  1891. 
Jan.,  1880. 
Feb.,  1882. 
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Name. 

Ork,  Robert  S. , 


Occupation  an»l  Address. 


Otto,  Henry, 


Principal  Ninth  Ward  School,  Allegheny,  I’a., 
h.,  Goss  Ave.,  near  McClure  Ave.,  Allegheny,  Pa. 

Mechanical  Engineer,  with  Heyl  A  Patterson, 
.">1-3  Water  St.,  Pittsburg.  Pa. 


Page,  George  S., 

Pancoast,  Albert, 

Palmer,  W.  P., 
Parkin,  Chas., 
Patterson,  F.  W., 


Mgr.  Park  Steel  Co., 

Care  Park  Steel  Co.,  Ltd.,  Pittsburg,  Pa. 
h.,  318  Lang  St.,  Pittsburg,  Pa. 

American  Car  &  Foundry  Co., 

911  Union  Trust  Co.  Building, 
Detroit.  Mich. 


Gen.  Mgr.  American  Steel  A-  Wire  Co., 
Cleveland,  Ohio. 


With  Crescent  Steel  Co., 
New  Kensington,  Pa. 


Date  of 
Election. 

Oct.  1899. 
April,  1899. 
Nov.,  1892. 

March,  1897. 

Nov.,  1888. 
Jan.,  1880. 
May,  1894. 


Civil  Engineer, 

Itm.  29  Court  House,  Pittsburg,  I’a. 
h.,  McKeesport,  Pa. 

Patterson,  Peter, 

Consulting  Engineer,  National  Tube  Works. 

McKeesport,  I’a. 

Patterson,  P.  C., 

Mechanical  Engineer,  National  Tube  Works. 

59  Conestoga  Bldg.,  Pittsburg,  Pa. 
h..  523  Versailles  Ave.,  McKeesport,  Pa. 

Patton,  Alex.  W., 

232  Fifth  Ave. 

h.,  7518  Hamilton  Ave.,  Pittsburg.  Pa. 

Patton,  Joseph  R., 

Patton  &  Gibson. 

528  Standard  Bldg.,  Pittsburg.  Pa. 
h.,  4737  Maripoe  Ave.,  Pittsburg,  Pa.. 

Peck,  George  L., 

Supt.  Pittsburg  Division  P.  C.  C.  &  St.  L.  Ity. 

Union  Station,  P.  It.  It.,  Pittsburg.  Pa. 
h.,  Crafton,  Pa. 

Phillips,  Francis  C.,  Second  Vice- Press., 

Prof.  Chemistry,  Western  University  of  Pennsylvania, 

Allegheny,  Pa. 
h.,  Sewickley.  Pa. 

Phillips,  Jno.  M.,  March,  1898. 

Manufacturer.  Manager  of  Phillips  Mine  Supply  Co., 

South  23d  and  Mary  Sts.,  Pittsburg.  I*a. 
h..  Baldwin  Township,  Pa. 

Phillips,  William  B  ,  Jan.,  1899. 

Austin.  Texas. 

Phipps,  Lawrence  C.,  Dec.,  1898. 

Second  Vice  President  and  Treasurer.  The  Carnegie  Steel  Co., 

310  Carnegie  Bldg.,  Pittsburg.  Pa. 
h.,  935  N.  Highland  Ave.,  Pittsburg.  I’a. 

Porter,  J.  E.,  May,  1887. 

Sec.  and  Treas.  Carroll-Porter  Boiler  and  Tank  Co., 

201  Penn  Ave.,  Pittsburg.  Pa. 
h.,  Sewickley,  I'a. 


Feb.,  1881. 
March,  1892. 

April,  19C0. 
Jan.,  1899. 

Oct.,  1896. 

Jan.,  1880. 
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Name.  Occupation  and  Address. 

Prather,  Henry  B., 

Manager,  The  American  Stoker  Co., 

1202  Carnegie  Building,  Pittsburg,  Pa. 
h.,  017  Ivy  St.,  Pittsburg,  Pa. 

Prentice,  W.  J., 

Mgr.  National  Cement  Co.,  Ltd.,  Pres.  Pittsburg 
Mineral  Screen  Co.,  Director  Royal  Tennessee  Marble 
15  Second  National  Bank  Bldg.,  Pittsburg,  Pa. 

Price,  Chas.  B., 

Acting  General  Supt.,  Allegheny  Valley  It.  R., 
11th  and  Pike  Sts.,  Pittsburg,  Pa. 
h..  Oakmont,  Pa. 


Rainey,  Charles  T., 


No  address. 


Reed,  Hugh  A., 

Member  of  firm  of  U.  Baird  Machinery  Co., 
123-125  Water  St.,  Pittsburg, 
li.,  26  E.  Robinson  St.,  Allegheny,  Pa. 

Rees,  Thomas  M., 

Vice  Tres.  and  Gen.  Mgr.  J.  Itees  &  Sons, 
P.  O.  Box  709.  Pittsburg,  Pa. 
h.,  226  N.  Negley  Ave.,  Pittsburg,  Pa. 

Reinholdt,  Kenneth  O.  P. , 

1412  Carnegie  Bldg.,  Pittsburg,  Pa., 
li.,  7720  Juniata  St.,  Pittsburg,  Pa. 

Renkin,  William  O., 

527  Martin  Ave.,  Allegheny  Pa. 

Reno,  George  E  , 

Reno  &  Johns,  Insurance  Agents, 

306  Fourth  Ave.,  Pittsburg,  Pa. 
h.,  Sewickley,  Pa. 


Rhodes,  Joshua, 

The  National  Tube  Co.,  Vice  Pres.  Allegheny  National 

Pittsburg,  Pa. 

h.,  254  Western  Ave.,  Allegheny,  Pa. 

Rich,  Charles  H. , 

Chemist  with  Duquesne  Steel  Works,  of  Carnegie  Steel 
Box  34,  Duquesne,  Pa. 


Richardson,  R.  R. , 


Conneaut.  Ohio. 


Ricketson,  J.  H., 


A.  Garrison  Fdy.  Co., 

10  Wood  St.,  Pittsburg,  Pa. 


Riddle,  Walther, 

Coster  &  Riddle.  Chemists, 

405  Fourth  Ave.,  Pittsburg,  Pa. 
h.,  287  Ridge  Ave.,  Allegheny,  Pa. 

Ridinger,  Charles  W..  Secretary , 

Electrical  Engineer  (Fessenden  &  Ridinger, 
410  Penn  Ave.,  Pittsburg.  Pa.) 
h.,  3204  Perrysville  Ave.,  Allegheny,  Pa. 

Rights,  Lewis  D  , 

Berlin  Iron  Bridge  Co.,  East  Berlin,  Conn. 


Robbins,  Francis  L., 

h., 


Pres.  Pittsburg  Coal  Co.. 

232  Fifth  Ave.,  Pittsburg,  Pa. 

808  Sherman  Ave.,  Allegheny,  Fa. 


Roberts,  Thomas  P., 


Engineer. 

h.,  361  Craig  St..  Pittsburg.  Pa. 


Date  of 
Election. 

March,  1899. 

Jan.,  1893. 

Co. 

Feb. ,  1899. 

Jan.,  1898. 
June,  1893. 

Jan.,  1880. 

Jan.,  1899. 

April,  1899. 
May,  1883. 

Jan.,  1880. 

Bank, 

Sept.,  1899. 

Co., 

Jan..  1899. 
Jan.,  1880. 

•Tan.,  1892. 

Oct.,  1896. 

March,  1898. 
Jan.,  1888. 

Jan.,  1880. 


LIST  OF  MEMBERS. 


‘21 


Occupation  and  Address. 


Date  of 
Election. 


Jan.,  1880. 

April,  1897. 
Nov.,  1892. 


Name. 

Rodd,  Thos., 

Chief  Engineer  Penna.  Co., 

Tenth  St.  and  Penn  Are..  Pittsburg.  Pa. 
h.,  5407  Ellsworth  Ave.,  Pittsburg.  Pa. 

Rogers,  Charles  O., 

Hydraulic  Engineer,  with  Chas.  J.  Jager  Co., 

Poston,  Mass. 

Rousseau,  H.  H., 

Civil  Engineer, 

Bureau  Yards  and  Docks,  Navy  Dept.,  Washington,  I).  C. 

Rowland,  R.  A.,  March,  1896. 

Manager  Cement  Dept,  of  Chas  PL  Pope  &  Co., 

421  Wood  St.,  Pittsburg,  Pa., 
h.,  5534  Hay  St..  East  End,  Pittsburg,  Pa. 

Ruhe,  C.  H.  William,  Nov.,  1889. 

Mechanical  Engineer,  Supt.  Pittsburg  Glass  Co.,  Allegheny,  Pa. 
h.,  1423  Bluff  St.,  Pittsburg,  Pa. 

Ruud,  Edwin,  Jan.,  1888. 

Engineer,  Gas  Engine  Dept.,  Westinghouse  Machine  Co., 

East  Pittsburg,  Pa. 
li.,  4739  Maripoe  Ave.,  Pittsburg,  Pa. 

Sage,  Ralph  V., 

Johnstown,  Pa. 


Jan.,  1899. 
March,  1883. 


S caife,  IT.  Lucien 

Chairman  Scaife  Foundry  &  Machine  Co., 

28th  and  Sinallman  Sts.,  Pittsburg.  Pa. 
h.,  514  North  Ave.,  Allegheny,  Pa. 

Scaife,  Wm.  M., 

Scaife  Foundry  A-  Machine  Co., 
h.,  910  a  ark  St..  Allegheny,  Pa. 

Schade,  Charles  G., 

Engineer, 

P.  O.  Box  631,  Canonsburg,  Pa. 

Schade,  George  C., 

Chief  Clerk  Keystone  Bridge  Works, 

Dept,  of  Carnegie  Steel  Co..  Ltd.,  Pittsburg,  Pa 
h.,  295  Main  St.,  Pittsburg,  l’a. 

Schellenberg,  F.  Z ., 

Consulting  Engineer, 
h.,  5746  llowe  St.,  E.  E.,  Pittsburg,  Pa. 

SCIILIEPER,  J.  E., 

Mechanical  Engineer  and  Manager, 

Pittsburg  Feed  Water  Heater  Co.. 

1210  Carnegie  Bldg.,  Pittsburg,  Pa. 
h.,  192  South  Ave.,  Allegheny,  Pa. 

Schluederberg,  Geo  W., 

Supt.  Pittsburg  Coal  Co.. 

232  Fifth  Ave.,  Pittsburg,  Pa. 
h.,  1203  Fifth  Ave.,  Pittsburg.  Pa. 

Schmid,  Albert, 

Westinghouse  Electric  A  Manufacturing  Co., 

45  Rue  de  l’Arcade,  Paris,  France.  * 

Schoyer,  A.  M., 

Superintendent  of  Telegraph.  Penna.  Lines  West  of  Pittsburg, 
h.,  9  Library  Place  Allegheny,  Pa. 

Schultz,  O.  G.,  Nov.,  1885. 

Secy,  and  Trias,  of  Schultz  Bridge  Iron  Co., 

Box  Go,  McKees  Rocks,  Pa. 


Sept.,  1887. 
Sept.,  1892. 
March ,  1S97. 

Feb.,  1882. 
March,  1899. 

March,  1892. 

Feb.,  1885. 
Feb.,  1894. 
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Occupation  and  Address. 


Date  of 
Election. 


Name. 

Schwab,  J.  E.,  March,  1899, 

General  Supt.  Duquesne  Steel  Works  and  Blast  Furnaces 
of  The  Carnegie  Steel  Co.,  Ltd., 

Duquesne  Steel  Works,  Duquesne,  I’a. 

Schwartz,  Frank  H.,  Nov.,  1891. 

Bureau  of  Engineers  and  Surveyors,  Dept.  Public  Works,  Pittsburg,  Pa. 

k.,  217  Matilda  St.,  Pittsburg,  Pa. 


Scott,  Charles  F.,  First  Vice- Pres., 

Chief  Electrician 

Westingkouse  Electric  «N:  Manufacturing  Co., 
Pittsburg,  Pa. 


Scott,  Jas., 


Supt.  Lucy  Furnaces,  Carnegie  Steel  Co.,  Ltd., 
Pittsburg,  Pa. 


Seaman,  James  S., 

Pres.  Seaman  Sleeth  Co., 

41st  St.  and  A.  V.  R.  R.,  Pittsburg,  Pa. 

Sergeant,  Elliott  M., 

With  Carnegie  Steel  Co.,  Homestead  Steel  Works, 

Munhall.  Pa. 


Shaw,  A.  G., 

Civil  Engineer, 

County  Engineer’s  Office,  Pittsburg,  Pa. 

Shaw,  Henry  C., 

Secy.  Lewis  Foundry  &  Machine  Co.,  S.  S.,  Pittsburg,  Pa. 

h.,  Glenskaw,  Fa. 

Singer,  Geoi.ge  H., 

k.,  070G  Penn  Ave.,  Pittsburg.  Pa. 

SiNGER,  William  H., 

Director  Carnegie  Steel,  C’o., 

Pittsburg,  Pa. 

li.,  934  Western  Ave.,  Allegheny,  Pa. 


April,  ] 890. 

Feb.,  1892. 
Oct.,  1898. 
Feb.,  19C0. 

Jan. ,  1889* 
May,  1894. 


Sept.,  1880. 
Sept.,  1880- 


No  address. 


SlVERTSEN,  0., 

Skinner,  O.  C., 

Tidewater  Steel  Co.,  Chester,  Pa. 

Slaymaker,  Philip  K., 

k.,  1507  Federal  St.,  Allegheny,  Pa. 

Slocum,  F.  S., 

With  American  Iron  Works, 

Jones  &  Laughlins,  Ltd.,  S.  S.,  Pittsburg,  Pa. 
Tenth  Ave.  and  Amity  St.,  Homestead,  Pa. 

Smith,  C.  C. , 

Secy.  Union  Steel  Casting  Co..  Pittsburg,  I’a. 
k.,  Sharpsburg,  Ta. 

Smith,  Richard  L  , 

1011  Park  Bldg.,  Pittsburg,  Pa. 

Snyder,  Antes, 

Snyder,  C.  H., 

Snyder,  Wm.  E., 


Engineer  Rights  of  Way,  P.  R.  R. 
Blairsville,  Indiana  Co.,  Pa. 


No  address. 


Mechanical  Engineer, 
with  Shoenberger  Steel  Co.,  Pittsburg,  Pa. 
li.,  287  North  Ave.,  E.,  Allegheny,  Ta. 


March,  1892. 
Dec.,  1896. 
Dec  ,  1899. 
April,  1892. 

Nov.,  1899. 

March,  1900. 
Feb.,  1880. 

Oct.,  1892. 
Feb.,  1899. 
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Xa  me. 

Speer,  J.  R., 


Occupation  ami  Address. 

Manager  Blast  Furnaces,  Shoonberger  Co., 
Pittsburg,  I‘a. 


Splane,  Joshua  G. 
Stafford,  S.  G., 

Staiil,  Karl  F. , 


328  Fourth  Avc.,  I’ittsburg.  I’a. 

Chemist.  Wuth  &  Stafford. 
510  Market  St  .  Pittsburg.  Pa. 
h..  Bellevue,  Pa. 


Supt.  General  Chemical  Co.,  of  I'enna..  Irwin  Works 
57th  St.  and  A.  V.  It.  It  .  Pittsburg.  Pa. 
h.,  5638  Butler  Sr..  Pittsburg,  Pa. 

Stevenson,  W  S., 

Oil  and  Gas  Operator, 

Fail-mount,  West  Virginia. 

Stewart,  Reid  T., 

Prof.  Mechanical  i.ngineei  ing.  Western  Fn'versity 
of  Pennsylvania. 

Allegheny.  Pa. 

h.,  2814  Perrysville  Ave.,  Allegheny,  Pa. 

Stillwell,  L.  B., 

Consulting  Fleetrieal  Engineer. 

Park  Itow  Building.  New  York  City. 

Sutton,  Stansbury, 

Dept,  of  Olansbo,  Concordia,  Central  America. 
Stupakoff,  Samuel  H., 

Engineer, 

h.,  545  Turrett  St.,  E.  E.,  Pittsburg,  Pa. 

Swan,  Robert, 

Vice  Pres.  The  T.  A.  Gillespie  Co., 
h.,  81  North  Ave.,  Allegheny,  Pa. 

Swensson ,  Emil, 

h.,  5511  Hays  St..  E.  E.,  Pittsburg,  Pa. 

Taylor,  B.  H., 

Civil  Engineer,  with  Carnegie  Steel  Co.,  Ltd., 
Edgar  Thomson  Steel  Works,  Braddock,  Pa. 

1006  Carnegie  Bldg.,  Pittsburg,  Pa. 
h.,  Edgewood  Park,  Pa. 

Taylor ,  E.  B., 

Gen.  Supt.  of  Transportation.  Penna.  Lines  West 

of  Pittsburg, 

1008  Penn  Ave.,  Pittsburg.  Pa. 
h.,  Quaker  Valley,  Pa. 

Taylor,  Sam’l  A., 

Civil  and  Mining  Engineer, 

Rms.  82-83  Schmidt  Bldg.,  Pittsburg.  Pa. 
h.,  Wilkinsburg,  Pa. 

Taylor,  Selwyn  M., 

Civil  and  Mining  Engineer, 

847  Fifth  Ave.,  Pittsburg,  Pa. 
li.,  3071  Center  Ave.,  Pittsburg.  Pa. 

Temple,  W,  C., 

Consulting  Mechanical  and  Electrical  Engineer, 

Rin.  604,  541  Wood  St..  Pittsburg,  Pa. 
h.,  10%  Shady  Ave.,  Pittsburg,  Pa. 

Tener,  G.  E., 

Mgr,  Pittsburg.  Falrport,  Northwestern  Dock  Co., 

203  Ferguson  Block,  Pittsburg,  Pa. 
h.,  Sewickley,  Pa. 


Date  of 
Election. 

Dec.,  1894. 


Dec  ,  1899. 
April,  181*3. 

April,  181*2, 


Jan,,  1880. 
Dec.,  1894. 

Jan..  1890. 

Dec.,  1892. 
Feb.,  1891. 

Feb  ,  1883. 

April,  1887. 
Feb.,  1884. 

April,  1880. 

Jan.,  1898. 
Jan.,  1892. 
Dec.,  1890. 
May,  1886. 
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Occupation  and  Address. 


Date  of 
Election. 


Name. 

Thomas,  Percy  H.,  April,  1898. 

Electrical  Engineer, 

Westinghouse  Electric  &  Mfg.  Co.,  East  Pittsburg.  Pa., 
b.,  7046  Reynolds  Ave.,  Pittsburg,  Pa. 

Tiiorsell,  Jean  A.,  April,  18S9. 

Architect. 

Box  728,  Pittsburg,  Pa. 
b.,  Bellevue,  Pa. 

Todd,  James,  April,  1897. 

Chemist  and  Engineer,  Pres.  The  Sterling  Varnish  Co., 

Times  Bldg.,  Pittsburg,  Pa. 
h.,  Edgeworth,  Pa. 

Tone,  S.  L.,  March,  1891. 

Chief  Engineer  The  Second  Avenue  Traction  Co., 

The  Pittsburg  and  West  End  Traction  Co., 

Monongahela  City  Electric  Ry.  Co.. 

Rm.  66,  326  Fourth  Ave.,  Pittsburg.  Pa. 
h.,  5607  Howe  St.,  Pittsburg.  Pa. 

Tonnele,  Theo., 

Chemist. 

P.  O.  Box  222,  McKeesport,  Pa. 

Torrence,  Hew.  C-, 

Manager,  Pittsburg  Office,  The  Brown  Hoisting 
&  Conveying  Machine  Co.,  Cleveland,  Ohio. 

1112  Carnegie  Building,  Pittsburg.  Pa. 

Trimble,  Robt., 

Asst.  Engineer  Penna.  Co., 

10th  St.  and  Penn  Ave.,  Pittsburg,  Pa. 
h.,  Osborne,  Pa. 

Turner,  Loren  H., 

Supt.  of  Motive  Power  and  Equipment, 

Pittsburg  &  Lake  Erie  R.  R.,  Pittsburg.  Pa. 
h.,  61  Maple  Terrace,  Pittsburg,  Pa. 

Unger,  J.  S., 

Supt.  of  Armor  Dept.  Carnegie  Steel  Co.,  Ltd., 

Munhall,  Pa. 

Urquhart,  George  C., 

Asst.  Engr.,  Chief  Engr.  Dept.,  P.,  C.,  C.  &  St.  L.  Ry.  Co.. 

Rm.  609,  Penna.  Lines,  10th  St.  and  Penn  Ave.,  Pittsburg,  Pa. 
h.,  536  Winebiddle  Ave.,  Pittsburg,  Pa. 

Vanderslice,  John, 

Shop  Supt.  Keystone  Bridge  Works  Dept. 

Carnegie  Steel  Co..  Ltd., 

5434  Broad  St.,  Pittsburg.  Pa. 

Vandivort,  Theo., 

Civil  Engineer. 

Asst.  Engineer  Rights  of  Way,  P.  R.  R., 

Blairsville,  Indiana  Co.,  Pa. 

Verner,  M.  S., 

Civil  Engineer. 

Oakmont,  Pa. 

Vierheller,  Ph., 

•  h.,  8  Washington  Ave.,  Pittsburg,  Pa. 

Von  Wagner,  Karl, 

Germany. 

Wadsworth,  F.  L.  0., 

Director  Allegheny  Observatory,  Allegheny,  Pa. 

Walker,  Jesse  W., 

Pres,  and  Gen.  Mgr.  Shiftier  Bridge  Co., 

240  44th  St..  Pittsburg,  Pa. 


Dec.,  1890. 
Jan.,  1900. 

Jan.,  1880. 

March,  1899. 

Feb.,  1896. 

May,  1893. 

o.. 

Pa. 

March,  1897. 
Feb.,  1892 

May,  1885. 

Dec.,  1892. 
April,  1893. 
Nov.,  1899. 

Jan.,  1880. 
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Occupation  and  Address. 


Name. 

Walker,  R.  L., 

Mechanical  Engineer. 

I’ark  ltow  Bldg.,  Allegheny,  I ’a. 

Webster,  Wm.  J., 

Pittsburg  Mgr.  Hercules  Powder  Co.,  and  Atlantic 
Dynamite  Co.,  of  New  Jersey,  N.  Y. 

664  Ferguson  Block,  Pittsburg,  Pa. 
h.,  218  Mathilda  St.,  PitUburg,  Pa. 

Weldin,  Lewis  C., 

Civil  Engineer. 

79  Schmidt  Bldg.,  Pittsburg,  Pa. 

Wendt,  Edwin  F., 

Asst.  Engineer  P.  &  L.  E.  R.  R.  Co., 
h.,  717  Third  Ave.,  New  Brighton,  Iieave  Co.,  Pa. 

Wheeler,  Charles  Van  Cise, 

Sunt.  Projectile  Dept.. 

Firth-Sterling  Steel  Co.,  Pittsburg,  Pa. 
h.,  1014  Ridge  Ave.,  Allegheny,  Pa. 

White,  F.  L., 

Chief  Draughtsman  for  Lucy  Furnaces, 

Carnegie  Steel  Co.,  Ltd., 
li.,  401 G  Plummer  St..  Pittsburg,  Pa. 

White,  T.  S., 

Yice-Pres.  and  Chief  Engineer  of  Penn  Bridge  Co., 
Beaver  Falls,  Pa. 

Whited,  Willis, 

Engineer. 

D.  P.  W.,  City  Hall,  Pittsburg,  Pa. 

Whitman,  Paul  S., 

Cambria  Iron  &  Steel  Co..  Johnstown,  Pa. 

Whitmore,  Homer  E., 

General  Engineer  with  E.  K.  Morse. 

Carnegie  Building,  Pittsburg,  l'a. 
h.,  511  Larimer  Ave.,  Pittsburg,  Pa. 

Whyte.  Lawrence  R., 

Manager,  Pittsburg  Office  of  Frick  Company,  Waynesboro,  Pa 
20  Loftus  St.,  Sydney,  Australia. 

Wilcox,  Frank, 

Mechanical  Engineer,  with  The  T.  A.  Gillespie  Co., 

Rm.  31  Westinghouse  Building.  Pittsburg.  Pa. 
li.,  204  Lexington  Ave.,  Pittsburg,  Pa. 

Wilkins,  A.  D., 

Chemist  Penna.  Car  Wheel  Works,  Pittsburg,  Pa. 
h.,  8  Sprague  St..  Bellevue,  Pa. 

Wilkins,  Wm.  G., 

Civil  Engineer,  Wilkins  &  Davison, 

91  Westinghouse  Building,  Pittsburg,  l'a. 
h.,  65  Lincoln  Ave.,  Allegheny,  Pa. 

Williams,  John  E., 

Penna.  Smelting  Co.,  Pittsburg.  Pa. 

P.  O.  Box  1120,  Carnegie,  Pa. 


Date  of 
Elect i'  n. 


Dec.,  1891. 
Feb.,  1900. 

May,  1894. 
April,  1892. 
Nov.,  1900. 

May,  1892. 

May,  1883. 

Jan.,  1899. 

Nov.,  1897. 
Sept.  1  OO. 

May,  1899. 
Pa. 

Jan.,  1894. 

Feb.,  1893. 
May,  1887. 


Williams,  F.  H. 
Wilson,  H.  M  , 


Chemist  for  Riverside  Iron  Works, 
Wheeling,  West  Virginia. 


Sec.  Taylor.  Wilson  &  Co.,  Ltd., 
Founders  and  Machinists, 

No.  101  Grant  Ave.,  Allegheny,  Pa. 
h.,  204  Craig  St.,  Pittsburg.  Pa. 

Wilson,  Henry  M., 

Riter-Conley  Mfg.  Co.,  Water  St..  Pittsburg,  l'a. 
b.,  Clayton  Ave..  Allegheny,  Pa. 


April,  1892. 
April,  1S92. 
Jan.,  1886. 

Nov.,  1899. 
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Name. 


Occupation  and  Address. 


Date  of 
Election. 


Wilson,  Nelson  C., 

Engineer  &  Contractor,  Wilson  &  Wilson. 

501  Murtland  Bldg.,  Pittsburg,  Pa. 
h.,  East  Diamond  St.,  Allegheny,  Pa. 

March,  1898.. 

Wilson,  W.  A., 

Civil  &  Mining  Engineer. 

Greensburg,  Pa. 

June,  1896. 

Winslow,  G.  H., 

Consulting  Electrical  Engineer. 

Rms.  82-83  Schmidt  Bldg.,  Pittsburg,  Pa. 

March,  1896. 

Wolf,  T.  Frank, 

Supt.  Penn  Gas  Coal  Co.. 

Irwin,  Westmoreland  Co.,  Pa. 

Nov.  1894. 

Wood,  E  F., 

Asst.  Supt.  Homestead  Steel  Works. 
Carnegie  Steel  Co.,  Ltd., 

Munhall,  Pa. 

April,  1892. 

Wood,  Richard  G., 

W.  Dewees  Wood  Co.,  McKeesport.  Pa. 
h.,  243  Ridge  Aye.,  Allegheny,  Pa. 

Sept.,  1880. 

Woods,  Leonard  G., 

Rm.  505  McK.  &  Victory  Building, 

413  Fourth  Ave.,  Pittsburg,  Pa. 
h.,  Irwin  Ave.,  near  Forbes  St.,  Pittsburg,  Pa. 

Jan.,  1888. 

Wright,  Charles  W., 

Supt.  Aliquippa  Steel  Works, 
h.,  334  Sheridan  Ave.,  Pittsburg,  Pa. 

Feb.,  1900. 

Yardley,  Edmund, 

Penna.  Lines  West  of  Pittsburg. 

10th  St.  and  Penn  Are.,  Pittsburg,  Pa. 

Oct.,  1899. 

Yawger,  Edwin 

Feb.,  1900. 

Westinghouse,  Church.  Kerr  &  Co., 
Westinghouse  Bldg.,  Pittsburg,  Pa. 
h.,  217  N.  Linden  St.,  Pittsburg,  Pa. 


RECAPITULATION. 


January  15,  1900. 
Honorary  Members, . 


Members,  . 402 

Total,  . 404 


DECEASED  MEMBERS. 


YEAR  ENDING  JAN.  15,  1901. 


Name. 

Curry,  H.  M., 
Hemphill,  James, 
Herron,  W.  A., 

Peters,  Samuel, 

Turner,  Adams  Plumer, 
Rankin,  James  L., 


Elected. 
Sept.,  1SS0, 
Jan.,  18S0, 
Oct,,  1892, 
Dec.,  1898, 
May,  1899, 
Dec.,  1898, 


Decreased. 

1900. 
Aug.  7,  1900. 
May  6,  1900. 
Sept.  29,  1899. 
April  1,  1900. 
Oct,,  1900. 


EXCHANGES. 


American  Chemical  Society,  Journal  of 
American  Electrician, 


Academy  of  Natural  Sciences,  Proceedings  of  the, 


e,  Philadelphia,  Pa. 

Easton,  Pa. 
Havemeyer  Bldg  ,  N.  V. 


American  Engineer,  Car  Builder  and  R.  R.  Journal, 

Morse  Building,  New  York. 

American  Institute  Electrical  Engineers,  Transactions  of  the 

1006  Havemeyer  Bldg. ,  26  Cortlandt  St.,  X.  Y. 

American  Institute  of  Mining  Engineers,  Transactions  of  the 

69  John  St  ,  New  York. 

American  Jouppnal  of  Railroad  Appliances,  411-413  Pearl  St.,  New  York. 
American  Manufacturer  and  Iron  World,  Pittsburg,  Pa. 

American  Society  of  Civil  Engineers,  Transactions  of  the, 

220  W.  57th  St.,  New  York. 

American  Society  of  Mechanical  Engineers,  Transactions  of  the, 

12  West  31st  St.,  New  York. 
Analyst,  The,  57  Friends  Road,  Crovden,  l^ngland. 

Annals  de  L’ Association  des  Ingenieurs  sortis  des  Ecoles  Speciales,  de 
Gand,  Boulevard  Friere-Orlan,  6.  Argentina,  Gand  (Belgium). 

Anales  de  al  Sociedad  Cientifica,  Buenos  Ayres. 

Anthracite  Coal  Operators’  Ass’n,  26  Cortlandt  St.,  New  York. 

Association  dos,  Engineers  Civic  Portus,  Lisbon,  Portuguezos. 

Association  of  Engineering  Societies,  Journal  of 

257  S.  Fourth  St.,  Philadelphia,  Pa. 
Association  of  Provincial  Land  Surveyors,  Toronto,  Canada. 

Boston  Society  of  Civil  Engineers,  715  Tremont  Temple.  Boston,  Mass. 
Brickbuilder,  The,  85  Water  Street,  Boston,  Mass. 

Building,  Engineering  and  Mining  Journal, 

Sun  Bldg.,  Queen  St.,  Melbourne. 
California  State  Mining  Bureau,  San  Francisco,  Cal. 

Canadian  Electrical  News,  Toronto,  Canada. 

Canadian  Society  of  Civil  Engineers,  Transactions  of  the 

112  Mansfield  St.,  Montreal,  Canada. 
Cassier’s  Magazine,  World  Bldg.,  New  York. 

Chemical  News,  The, 

6-7  Creed  Lane,  Boy  Court,  Ludgate  Hill,  London,  Eng. 
Civil  Engineers’  Club  of  Cleveland,  The  Cleveland,  Ohio. 

Club  de  Engeniiaria,  Rio  Janeiro,  Brazil,  S.  A. 

Colorado  Scientific  Society,  The  Denver,  Colorado. 

Compressed  Air,  26  Cortlandt  St.,  New  York. 

Conn.  Assn.  Civil  Engineers  and  Surveyors,  Birmingham,  Conn. 

Cornell  University,  Ithaca,  New  York. 

Deutsch  Amerikanischen  Techniker-Verbandes,  Washington,  D.  C. 

Ecole  D’  Ap.  du  Ge.  Maritime,  Paris,  France. 
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Electrical  Engineering,  214  Monroe  St.,  Chicago,  Ill. 

Electrical  Review,  41  Park  Row,  Times  Building,  New  York. 

Electrical  World  and  Electrical  Engineer,  253  Broadway,  New  York. 
Engineer,  The,  43  Cedar  St.,  New  York. 

Engineering,  35-36  Bedford  St.,  Strand,  London,  W.  C. 

Engineering  and  Mining  Journal,  The  253  Broadway,  New  York. 

Engineering  Magazine,  120  Liberty  St.,  New  York. 

Engineering  Mechanics,  430  Walnut  St.,  Philadelphia,  Pa. 

Engineering  Review,  London,  England. 

E.  Ingeniero  Civil, 

424  Corrientes,  Buenos  Ayres,  Argentine  Republic,  S.  A. 
Engineering  News,  Tribune  Building,  New  York. 

Engineering  Record,  The  277  Pearl  St. ,  New  York. 

Engineers’  Assn,  of  the  South,  Nashville,  Tenn. 

Engineers’  Club  of  Philadelphia,  Proceedings  of  the, 

1112  Girard  St.,  Philadelphia,  Pa. 
Engineers’  Club,  Kansas  City,  Mo. 

Engineers’  Club,  Louisville,  Ky. 

Engineers’  Club  of  Cincinnati,  Cincinnati,  Ohio. 

Engineers’  Club  of  St.  Louis,  The  •  1600  Lucas  Place,  St.  Louis,  Mo. 
Engineers’  Society  of  Western  New  York,.  Library  Place,  Buffalo,  N.  Y. 
Field  Columbian  Museum,  Chicago,  III. 

Foundry,  The,  Detroit,  Mich. 

Franklin  Institute,  The  Journal  of,  18  S.  Seventh  St.,  Philadelphia,  Pa. 


Harrisburg,  Pa. 
Springfield,  Ill. 
London,  W.  C.  Eng. 
Cloverdale,  Indiana. 
Remington,  Ind. 
Fayetteville,  Ark. 


Geological  Survey  of  Penn’ a, 

Illinois  State  Museum,  Bulletin  of  the, 

Illustrated  Official  Journal  (Patents),  The, 

Indiana  Engineering  Society, 

Indiana  Soc.  of  Civil  Eng.  and  Surveyors, 

Industrial  University, 

Institution  of  Civil  Engineers  (excerpt  Minutes  of),  Proceedings  of, 

25  Great  George  St.,  Westminster,  London.  S.  W. 
Iowa  Society  of  Engineers  and  Surveyors,  Cedar  Rapids,  Iowa. 

Iron  Age,  The,  96-102  Reade  St.,  New  York. 

Iron  &  Steel,  1190  Caxton  Building,  334  Dearborn  St.,  Chicago,  Ill. 

Iron  &  Coal  Trades  Review,  222-225  Strand,  London,  W.  C. 

Iron  and  Steel  Institute,  Proceedings  of,  Victoria  St.,  London,  E.  C. 
Iron  Trade  Review,  Cleveland,  Ohio. 

Kansas  University  Quarterly,  The,  Lawrence,  Kansas. 

Lehigh  University,  So.  Bethlehem,  Pa. 

Liverpool  Engineering  Society,  Colquit  St.,  Liverpool,  Eng. 

Locomotive,  The,  Hartford,  Conn. 

Manufacturer’s  Record,  Baltimore,  Md. 

Massachusetts  Highway  Association,  Journal  of,  Boston,  Mass. 

Mass.  Inst,  of  Technology,  Boston,  Mase. 


EXCHANGES. 
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Mechanical  World,  New  Bridge  St.,  Manchester,  England. 

Mich.  College  of  Mines,  Houghton,  Mich. 

Mich.  Engineering  Society,  Climax,  Mich. 

Mining  Bulletin,  The,  Pennsylvania  State  College,  State  College,  Pa. 
Modern  Machinery,  Ashland  Block,  Chicago,  III. 

Municipal  Engineering,  Indianapolis,  Ind. 

Municipal  &  Railway  Record,  141  E  25th  St.,  New  York. 

Ohio  Soc.  of  Surveyors  &  Civil  Engineers,  Columbus,  Ohio. 

Physical  Review,  The,  Ithaca,  N.  Y. 

Power,  Rms.  145-146  World  Building,  New  York. 

Purdue  Sociey  of  Civil  Engiaeers,  Proceedings  of, 

Purdue  University,  Lafayette,  Ind. 
Railroad  Gazette,  32  Park  Place,  New  York. 

Railway  Age,  Tiie,  1660-1664  Manadock  Block,  Chicago,  Ill. 

Railway  and  Engineering  Review,  81S  “The  Rookery,”  Chicago,  Ill. 
Rensselear  Society  of  Engineering,  Troy,  New  York. 


Revista  de  Obras  Publicas  e  Minas, 
Roadmaster  and  Foreman, 

Rose  Polytechnic  Institute, 


Lisbon,  Portugal. 
91-93  Jefferson  St.,  Chicago,  Ill. 

Terre  Haute,  Ind. 


School  of  Mines  Quarterly,  Columbia  University,  41  East  49th  St.,  N.  Y. 
Scientific  American,  361  Broadway,  New  York. 

Smithsonian  Institution,  Washington,  D.  C. 

Society  of  Arts,  Journal  of,  John-street,  Adelplii,  London,  W.  C. 

Society  of  Chemical  Industry, 

Palace  Chambers,  9  Bridge  St.,  Westminister,  S.  W.,  London. 
State  Assn,  of  Engineers,  Norwich,  Conn. 

State  College,  State  College,  Pa. 

State  Geologist,  Springfield,  Ill. 

Stevens’  Indicator  Tiie,  Stevens’  Institute  of  Technology,  Hoboken,  N.  .1. 
Street  Railway  Review,  890  Old  Colony  Building,  Chicago,  III. 

Svenska  Teknologfornningen,  Stockholm,  Sweden. 

Technical  Society  of  tiie  Pacfic  Coast,  The, 

Room  56  Academy  of  Sciences,  San  Francisco,  Cal. 

Technic,  The  Engineers’  Society  of  the  University  of  Michigan, 

Ann  Arbor,  Mich. 

Technic  Club,  228  230  S.  Clark  St.,  Chicago  Ill. 

Technology  Quarterly,  Mass.  Institute  of  Technology,  Boston,  Mass. 
Tekniske,  Tidskrift,  Stockholm,  Sweden. 

Thayer  School  of  Civil  Engineering,  Hanover,  N.  II. 

Tin  and  Terne  and  The  Metal  World, 

Room  1126  Park  Bldg.,  Pittsburgh,  Pa. 
University  of  California,  Berkley,  Cal. 

University  of  Illinois,  Champaign,  Ill. 

University  of  Minnesota,  Minneapolis,  Minn. 

University  of  Pennsylvania,  Philadelphia,  Pa. 
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University  of  Wisconsin,  Bulletin  of, 
United  States  Bureau  of  Education, 
United  States  Dept,  of  The  Interior, 
United  States  Dept,  of  Agriculture, 
United  States  Geological  Survey, 
United  States  Patent  Office,  The  Offic 

United  States  War  Department, 
Vanderbilt  University, 

Western  Electrician, 

Western  Railway  Club, 

Western  Society  of  Engineers,  Journal 

1737 

Yale  Scientific  Monthly,  The, 


Madison,  Wis. 
Washington,  D.  C. 
Washington,  D.  C. 
Washington,  D.  C. 
Washington,  D.  C. 
ial  Gazette  of  the, 

Washington,  D.  C. 
Washington,  I).  C. 
Nashville,  Tenn. 
Chicago,  III. 
‘‘The  Rookery,”  Chicago,  111. 

OF  THE, 

-9  Monadnock  Block,  Chicago,  Ill. 

New  Haven,  Conn. 


JOURNALS  SUBSCRIBED  FOR. 


American  Chemical  Journal, 
Chemiker  Zeitung, 


Baltimore,  Md. 
Berlin,  Germany. 


iHGiHEE^s'  Society  of  Western  Pennsylvania. 


THIS  SOCIETY  DOES  NOT  HOLD  ITSELF  RESPONSIBLE  FOR  THE  OPINIONS  OF  ITS  MEMBERS 


rIhe  two  hundred  and  twelfth  regular  monthly  meeting  of 
the  Engineers’  Society  of  Western  Pennsylvania  was  held  in 
the  Lecture  Room  of  the  Society's  House,  410  Penn  Avenue, 
Pittsburg,  Pa.,  Tuesday  evening,  February  12,  1901,  forty- 
two  members  and  visitors  being  present.  The  meeting  was 
called  to  order  at  8:40  by  the  president,  Mr.  11.  W.  Fisher. 

For  the  Board  of  Direction,  the  following  applicants  were 
reported  as  passed  and  to  be  voted  for  at  the  next  regular 


meeting: 

GEO.  IV.  GROOME,  - 
ROGER  I).  BOWMAN, 

D.  A.  HEIKEL, 

JOHN  McGIXLEY, 

WILLIBALD  TRINKS,  - 

The  following  gentlemen 

O  O 

ed  to  membership: 

ARTHUR  BARNES,  - 

A.  H.  BEALE,  - 


Mechanical  Engineer, 

With  Specialty  Mfg.  Co.,  17  Hazel 
Street,  Sewickley,  Pa. 
Superintendent, 

Finishing  Dept.,  Duquesne  Steel 
Works,  Duquesne,  Pa.  * 

Engineer, 

Partner  with  C.  II.  Bradley,  Jr.,  of 
C.  II.  Bradley,  Jr.,  &  Co.,  58  Yan- 
dergrift  Bldg.,  Pittsburg,  Pa. 
Superintendent, 

Open  Hearth  Dept.,  Allegheny  Steel 
and  Iron  Co.,  Avenue  Station,  Pa. 
Mechanical  Engineer, 

Westinghouse  Machine  Co.,  East 
Pittsburg,  Pa. 

were  balloted  for  and  duly  elect- 

%j 

Engineer, 

With  E.  K.  Morse,  313  Lehigh  Ave., 
Pittsburg,  Pa. 

Superintendent, 

Open  Hearth  Dept.,  American  Sheet 
Steel  Co.,  Vandergrift,  Pa. 
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Supt.  Const., 


JOHN  WOODLAND  CRISFIELD, 
ALBERT  D.  EDWARDS, 

ELMER  HOUGH, 

A.  S.  ISAACS,  .... 
G.  H.  GEYER,  - 
ROBERT  BART  KERNOHAN, 
GEO.  McCULLY  LAUGHLIN,  Jr., 
D.  L.  MEKEEL,  - 
JAS.  R.  McTAGGART, 

WILLIAM  HARRISON  SMITH,  - 
WM.  ACHESON  SMITH,  - 
HARRY  EDWARD  WALTERS,  - 


Eliza  Furnaces,  Jones  Laughlins, 
Ltd.,  Pittsburg,  Pa. 

Chemist, 

Singer,  Nimick  <k  Co.,  20  W.  Stock- 
ton  Ave.,  Allegheny,  Pa. 

Assistant  Engineer, 

Carnegie  Steel  Co.,  1205  West  Street, 
Homestead,  Pa. 

Chemist, 

For  F.  W.  Eggers,  219  Sixth  Street, 
City. 

Superintendent, 

Jones  &  Laughlins,  Ltd.,  2809  Jane 
Street,  S.  S.,  Pittsburg,  Pa. 
Superintendent, 

Jones  &  Laughlins,  Ltd.,  3434  Bo-, 
quet  Street,  Pittsburgh,  Pa. 

Assistant  Manager, 

Soho  Dept,  of  Jones  &  Laughlins, 
Ltd.,  Pittsburg,  Pa. 

Mechanical  Engineer, 

With  Jones  &  Laughlins,  Ltd.,  S.  S., 
Pittsburg,  Pa. 

Superintendent, 

Liquid  Carbonic  Acid  Mfg.  Co.,  5172 
Woodworth  Street,  City. 

Chief  Engineer, 

Carnegie  Steel  Co.,  Carnegie  Bldg., 
City. 

Assistant  Engineer, 

Union  Railroad,  (5349  Marchand  St., 
Pittsburg,  Pa. 

Anavlst, 

Duquesne  Steel  Works,  Duquesne, 
Pa. 


For  the  Reception  Committee,  Mr.  Hyde  reported  that 
arrangements  had  been  made  for  the  Banquet  on  the  21st  of 
February;  and  that  the  committee  had  sent  out  a  number  of  in¬ 
vitations  to  leading  business  men  of  the  city. 

For  the  Program  Committee,  Mr.  Camp  reported  that 
they  had  secured  a  paper  for  the  next  meeting  but  that 
dapers  for  future  meetings  would  be  acceptable. 


TECHNICAL  SCHOOLS. 


*27 

For  the  Committee  on  Technical  School  Mr.  F.  Z.  Schell- 
enberg  reported  as  follows  : 

REPORT  OF  COMMITTEE  ON  TECHNICAL  SCHOOLS. 

Mr.  F.  Z.  Schellenberg — 

“Mr.  President  and  members  of  the  Society  : 

“Moved  by  the  muniticence  of  Andrew  Carnegie  giving 
Pittsburg  the  money  to  carry  out  on  the  grand  scale  for  all 
time  the  technical  education  which  shall  advance  the  intelli¬ 
gence  and  earning  power  of  the  whole  of  the  city's  industrial 
population,  this  society  has  felt  called  upon  to  aid  in  defining 
the  needs  to  the  end,  and  the  committee  is  now  to  present  the 
subject  for  discussion  here,  and  I  trust  it  will  be  agreed — up¬ 
on  report  of  these  proceedings — to  receive  communications 
that  will  also  be  edited  and  printed  in  addition  in  the  effort  to 
give  completely  the  matured  views  of  the  whole  membership. 

“The  varied  educational  preparation  represented  here  by 
practical  engineers,  manufacturers,  and  teachers  of  science 
should  tit  us  as  a  body  to  furnish  weighty  opinions  as  being 
also  founded  upon  experience,  especially  with  the  technical 
training  of  the  youthful. 

“Professor  Connellev,  now  in  charge  of  manual  training  in 
Allegheny  City  public  schools  will,  formally  lead  the  discussion 
for  the  committee  and  will  set  the  example  of  not  taking  more 
than  ten  minutes  of  time.  He  was  at  the  Western  University 

%J 

of  Pennsylvania.  Then  Mr.  Albree,  manufacturer,  of  Wor¬ 
cester  Polytechnic  Institute  ;  Mr.  Scott,  Chief  Electrician  of 
Westinghouse  Electric  &  Manufacturing  Company,  who  studied 
at  Ohio  State  University  and  at  Johns  Hopkins,  and  Mr.  W. 
E.  Snyder,  mechanical  engineer  with  American  Steel  &  Wire 
Company,  from  the  Pennsylvania  State  College. 

“I  have  some  notes  for  the  discussion  but  wish  to  say  now 
only  that  the  Polytechnic  College  of  Pennsylvania  at  Phila- 
delphia,  from  which  I  graduated  as  a  Civil  Engineer,  received 
a  medal  at  the  Centennial  Exhibition — after  mv  time — for 
work  of  students  which  included  the  haulages  in  and  about  the 
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model  of  a  mine  driven  by  compressed  air,  and  a  steam  ferry 
boat  that  plied  on  the  Delaware  Kiver  then  for  some  years. 
This  on  the  subject  of  the  history  of  manual  training  in  Am¬ 
erica.  ” 

Prof.  C.  B.  Donnelley — In  my  paper,  which  will  be 
limited  to  ten  minutes,  I  will  have  to  necessarily  mention  the 
schools  of  Allegheny,  and  I  will  say  something  about  the 
course  of  training  and  shop  work  that  is  laid  down  for  the 
children  of  the  public  schools.  I  have  also  some  photographs 
that  may  be  interesting  to  you  and  will  tell  you  just  what  we 
do  in  your  Sister  City. 

4 4  The  great  interest  and  intense  thought  bestowed  upon 
industrial  education,  especially  manual  training,  during  the 
past  few  years  by  public  school  men  of  the  United  States  has 
made  the  cpiestion  one  of  the  foremost  and  most  important  in 
educational  circles.  The  development  of  manual  training  has 
been  rapid,  especially  in  the  public  schools  of  this  great  in¬ 
dustrial  center.  Opposition  of  a  few  years  ago  has  been 
changed  to  the  most  earnest  support.  The  real  merit  ap¬ 
parent  to  any  one  giving  the  subject  careful  thought  has  alone 
conquered  prejudice.  Interest  is  especially  strong  in  this  age 
of  industrial  things.  Everything  is  mechanical,  everything  is 
iron  or  steel  ;  everything  viewed  from  our  great  city  appears 
to  be  dependent  upon  the  skill  and  genius  and  industry  of  the 
active  band  of  Pittsburg  workmen.  The  age  seems  to  demand 
men  thoroughly  skilled  in  mechanical  pursuits.  The  demand 
for  boys  with  an  industrial  training  never  appeared  to  be 
greater.  Mr.  Andrew  Carnegie  adds  still  further  to  this  nat- 
ural  interest  by  his  offer  to  erect  and  endow  a  school  for  in- 
dustrial  education.  The  doubt  as  to  which  branch  of  indus¬ 
trial  education  should  be  taken  up  makes  the  subject  one  of 
the  utmost  importance  to  the  citizens  of  Pittsburg.  Our  dis¬ 
cussion  may  point  out  paths  hitherto  unopened  to  those  who 
will  be  the  advisers  of  the  great  philanthropist. 

Manual  training  is  the  preliminary  of  complete  industrial 
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education.  It  is  the  natural  successor  of  the  kindergarten. 
The  growing  boy  is  taught  primary  mechanical  principles  and 
is  shown  how  to  use  tools  with  skill  and  care,  and  is  told 
the  necessity  for  this  and  that,  the  wrong  way  and  the  right 
way,  until  he  grasps  the  meaning  of  the  whole  manual  training 
scheme.  His  interest  is  then  aroused,  his  genius  stimulated, 
his  judgment  improved,  his  industry  quickened.  The  effect 
expands  through  his  whole  life.  (The  boy  is  taught  instead  of 
the  mere  head,  the  rut  from  which  modern  educators  are  striv¬ 
ing  to  lift  the  public  school  system.)  The  boy  thus  carefully 
trained  may  become  an  expert  practical  mechanic;  he  is  equally 
fitted  to  take  up  the  higher  work  of  the  engineering  college  or 
the  polytechnic  school.  The  manual  training  school  is  there¬ 
fore  a  high  standard  preparatory  school  for  the  polytechnic, 
and  they  should  work  in  harmony. 

Modern  manual  training  differs  entirely  from  the  old  trade 
school.  Moscow  had  a  trade  school  a  century  ago.  This  was 
reorganized  in  1860  as  the  Imperial  Technical  School  for  the 
training  of  government  engineers.  It  had  well-equipped  shops 
conducted  on  a  commercial  basis.  The  students  worked  on  com¬ 
mercial  products  until  the  director,  M.  Della-Voz,  revolution¬ 
ized  the  practice  and  created  what  is  known  as  the  Russian 
system  of  tool  instruction.  He  separated  the  school  work¬ 
shops  from  the  commercial  shops  in  order  that  elementary 
practical  work  might  be  systematically  taught.  It  was  neces¬ 
sary  that  the  students  should  be  taught  according  to  the  laws 
of  gradation  and  successiveness,  overcoming  little  by  little  the 
difficulties  encountered.  To  this  Russian  school  belongs  the 

cj 

credit  for  the  introduction  in  1868  of  a  systematic  method  of 
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teaching  the  arts  of  turning,  carpentering,  fitting  and  forging. 
All  of  the  Russian  schools  soon  adopted  the  system. 

Exhibitions  of  the  work  of  Russian  technical  schools  at 
the  Centennial  Exposition  at  Philadelphia  in  1876  caught  the 
eye  of  Dr.  John  D.  Runkle,  then  president  of  the  Massachu¬ 
setts  Institute  of  Technology.  He  had  long  realized  that 
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young  mechanical  engineers  graduated  from  the  institute  were 
lacking  in  a  well-rounded  training  in  that  they  obtained  no 
practical  knowledge  of  the  materials  of  construction  with 
which  they  would  he  called  upon  to  deal  in  the  actual  practice 
of  their  profession.  Concerning  this  discovery,  Dr.  Runkle 
says:  u  Almost  the  first  thing  I  saw  was  a  small  case  con¬ 
taining  three  series  of  models — one  of  chipping  and  tiling,  one 
of  forging,  and  one  of  machine  tool  work.  I  saw  at  once 
that  they  were  not  parts  of  machines  but  simply  graded 
models  for  teaching  the  manipulations  in  those  arts.  In  an 
instant  the  problem  I  had  been  seeking  to  solve  was  clear  to 
my  mind,  and  a  plain  distinction  between  a  mechanic  art  and 
its  application  in  some  special  trade  became  apparent.” 

The  school  he  founded  became  the  first  manual  training 
school  in  the  United  States.  The  typical  American  manual 
training  school  of  to-day  is  distinctly  an  American  institution. 
The  growth  has  been  rapid,  the  development  sensible  and 
along  conservative  lines. 

The  principal  idea  of  manual  training  in  the  public  school 
is  to  thoroughlv  teach  the  elements  of  mechanical  drawing, 
carpentry,  wood  carving,  wood  turning,  pattern  making, 
moulding,  forging,  chiping,  and  filing,  and  in  the  higher 
classes  these  principles  are  gradually  expanded  until  the  way 
leads  to  the  more  finished  polytechnic  course.  The  public 
school,  however,  leaves  the  boy  to  choose  between  a  trade  or 
technical  education,  to  become  on  the  one  hand  an  intelligent 
foreman  or  superintendent  cr  on  the  other  a  finished  engineer. 
A  carefully  graded  series  of  models  illustrating  every  primary 
principle  is  selected  for  each  division.  The  method  of  con¬ 
structing  these  models  is  clearly  explained  by  the  instructor  at 
the  bench,  one  at  a  time,  and  mistakes  that  are  liable  to  be 
made  are  pointed  out  and  the  pupils  are  shown  how  these  may 
be  avoided.  Each  pupil  is  then  required  to  make  a  copy  of 
the  model  lectured  upon,  and  on  the  completion  of  this  to  the 
satisfaction  of  the  instructor,  supplementary  models  involving 
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the  application  of  the  same  principles  to  more  difficult  work 
are  then  takeo  up.  Pupils  are  found  in  almost  every  class 
who  display  pronounced  skill  in  mechanical  work  and  a  mas¬ 
tery  of  the  primary  principles  is  obtained  by  them  much  more 
quickly  than  by  the  majority  of  the  class.  These  pupils  are 
therefore  led  in  advance  to  more  difficult  work  until  their  time 
is  fully  employed  and  their  talents  fully  developed.  This  en¬ 
ables  quick  and  unusually  skillful  pupils  to  more  speedily  at¬ 
tain  perfection  in  the  practical  application  of  the  manual 
training  scheme  than  the  balance  of  the  class.  Carefully 
prepared  drawings  are  furnished  to  the  pupils  of  each  division 
and  every  one  is  expected  not  only  to  be  able  to  make  the 
drawings  himself,  but  to  create  in  wood  or  iron  the  objects  de¬ 
signed  on  paper.  The  distinct  purpose  of  the  model  is  to  show 
the  application  of  the  principle.  Further  than  that  it  is  of  no 
importance.  The  aim  is  to  teach  the  pupil  the  character  of 
the  different  materials  on  which  he  is  working,  the  kind  of 
wood  or  grade  of  iron  that  is  best  suited  for  various  purposes, 
and  to  show  the  necessity  for  accuracy  in  construction. 

In  actual  practice  I  have  found  that  the  boys  take  a  re¬ 
markably  increased  interest  in  their  school  work,  in  general,  as 
a  result  of  manual  training.  They  are  being  educated  all 
over.  Often  boys  who  have  remained  away  from  other  stud¬ 
ies  for  several  days  slip  into  the  ranks  on  the  day  manual 
training  is  to  be  given.  There  is  something  practical  to  hold 
their  interest,  and  they  work  hard.  A  boy  naturally  takes  to 
tools,  and  he  is  only  to  happy  to  get  some  relief  from  the  mo¬ 
notony  of  school  books,  slates,  and  night  work.  The  diver¬ 
sion  brightens  him,  calls  for  individuality  of  ideas  and  judg¬ 
ment,  and  he  becomes  more  self-reliant.  The  manual  training 
students  are  usually  found  to  be  better  prepared,  more  careful, 
quicker  and  clearer  thinkers  than  those  who  have  not  enjoyed 
like  advantages. 

Two  years  ago,  during  the  final  examination  for  the  Alle¬ 
gheny7,  high  school,  fifteen  students  made  an  average  of  loo  per 
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cent,  in  arithmetic.  Twelve  of  these  came  from  the  only  manual 
training  school  in  the  city.  Manufacturers  prefer  a  boy  train¬ 
ed  in  the  manual  school  to  the  untrained  boy,  whether  for  the 
office  or  the  shop.  Mr.  I.  W.  Frank,  of  the  Frank-Kneeland 
Machine  Company,  and  a  member  of  this  Society,  when  visiting 
a  manual  training  school  of  grammar  grade  recently,  said  he 
would  be  willing  to  allow  a  boy  who  graduated  from  such  a 
school  eighteen  months  on  an  apprenticeship  of  tour  years. 

One  of  the  managers  of  a  large  steel  concern  informed  the 
secretary  of  the  Allegheny  board  of  school  controllers  that  the 
greatest  trouble  he  found  was  that  so  many  of  the  mechanics 
were  unable  to  hold  responsible  positions.  He  attributed  this 
to  their  failure  to  obtain  sufficient  mechanics  while  at  school. 
This  manager  said  that  from  personal  observation  he  had  dis¬ 
covered  manual  training  boys  in  serving  an  apprenticeship 
always  progressed  more  rapidly  than  the  boys  who  lacked  such 
training.  He  thought  this  training  made  the  boy  more  precise 
and  neat  about  his  work,  enabled  him  to  grasp  a  new  idea 
rapidly,  to  look  upon  a  new  feature  of  business  with  more  in¬ 
telligence,  and  make  him  better  able  to  direct  others.  He  said 
that  they  bore  responsibilities  more  easily  and  he  gave  manual 
trained  boys  the  preference  always.  Individual  examples  stand 
out.  One  of  the  boys  of  the  Fifth  Ward  school  made  such 
progress  in  mechanical  drawing  that  when  he  left  he  was  given 
a  good  position,  and  in  ten  months  he  was  at  the  head  of  the 
draughting  department  of  one  of  our  large  manufacturing  con¬ 
cerns. 

Mr.  Wilson  Miller,  president  of  the  Pittsburg  Locomotive 
Works,  asked  the  writer  for  the  names  of  the  Fifth  Ward 
manual  trained  graduating  classes,  saying  that  his  experience 
taught  him  that  a  boy  who  had  had  the  advantage  of  a  manual 
training  course  was  much  better  equipped  to  enter  a  manufac¬ 
turing  establishment,  and  said  that  he  would  prefer  a  manual 
trained  boy,  even  though  only  of  the  grammar  grade,  to  a  high 
school  graduate  without  this  training.  The  manual  trained 
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bovs  can  easily  be  traced  through  the  schools  of  technology  and 
science.  They  are  remarked  for  their  careful  and  thoughtful 

v  O 

work.  There  is  probably  no  question  as  to  the  advantages, 
but  the  difference  of  opinion  seems  to  be  where  the  manual 
training  school  stops  and  the  polytechnic  begins. 

A  trade  school  specializes,  and  the  time  of  a  student  is  tie- 
voted  to  the  acquirement  of  one  trade.  The  manual  training 
school  teaches  the  elements  that  will  be  useful  in  all.  The 
polytechnic  school  aims  to  take  up  the  work  left  by  the  man¬ 
ual  training  school.  The  broad  ground-work  is  provided,  the 
understanding  of  simple  principles  acquired  and  the  students 
have  been  given  sufficient  training  to  enable  them  to  specialize  in 
their  higher  educational  and  industrial  work.  That  is  t he  Held 
of  another’s  paper,  however. 


Mr.  C.  B.  Albree — It  is  a  little  difficult  to  diff  erentiate  in 
this  question.  I  have  assumed  that  the  part  I  have  to  deal  with 
is  more  particularly  the  trade  school,  and  to  show  the  difference 
between  that  and  an  engineering  school.  This  trade  school,  I 
think  most  of  us  understand,  is  something  more  in  the  line  of 
Mr.  Carnegie’s  anticipated  technical  school,  rather  than  an  en¬ 
gineering  school  would  be. 

Engineering,  as  a  general  term,  embraces  so  great  a  vari¬ 
ety  of  subjects,  that  it  is  an  impossibility  for  one  man  to  be  a 
master  of  all  its  branches.  To  understand  comprehensively  any 
branch,  however,  the  engineer  should  possess  a  general  idea  of 
the  fundamental  laws  and  practice  of  the  others.  Such  knowl¬ 
edge  need  not  embrace  the  technicalities  of  each  sub-division, 

but  comes  from  study  of  the  general  truths  of  Nature's  laws 
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and  of  applied  mechanics,  which  underlie  all  engineering  work. 

•  The  aim  of  the  technical  schools  is  to  give  opport unity  to 
the  student  to  learn  and  appreciate  these  general  truths,  that 
he  may  later  apply  his  efforts  intelligently  in  the  particular 
branch  that  he  may  take  up. 

It  is  obvious  that  the  regular  technical  school  cannot  give 
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the  detailed  knowledge  necessary  for  proficiency  in  the  sub- 
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branches,  and  that  the  student  must  gain  such  intimate  know¬ 
ledge  by  later  study  and  actual  work  in  the  particular  line 
selected. 

There  are  courses  ottered  in  most  technical  schools  that 
tend  toward  special  education,  and  are  fairly  successful.  Yet, 
such  specialization  should  come  after  the  general  principles 
have  been  acquired.  To  accomplish  such  general  and  special 
work  in  a  four-year  course,  is  perhaps  possible  to  a  few  gifted 
individuals,  but  fail  with  the  average  man.  He  leaves  college, 
only  to  find  that  he  must  relinquish  the  idea  that  he  is  already 
a  finished  engineer,  and  accept  a  lowly  position  and  work  hard 

for  several  years,  in  order  to  gain  an  appreciable  position  in 

• 

his  chosen  field.  Many  become  discouraged,  and  drop  into 
some  rut  of  routine  work,  but  indifferently  paid  for — disap¬ 
pointed  men.  They  feel  that  the  years  at  college  were  fruit¬ 
less,  and  see  others,  who  had  not  had  such  training,  equally 
well  or  better  off  in  the  world. 

That  this  is  true,  is  not  the  fault  of  the  technical  schools, 
but  due  to  the  lack  of  push,  or  perhaps  of  ability,  in  the  in¬ 
dividual.  Most  men  are  not  exceptionally  gifted,  and  it  would 
therefore  seem  reasonable  to  give  them  opportunities  of  ac¬ 
quiring  training  that  would  fit  them  for  some  useful  career, 
with  the  least  loss  of  time  and  at  low  cost. 

Prof.  Higgins,  for  so  many  years  head  of  the  shops  con¬ 
nected  with  the  Worcester  Polytechnic  Institute,  presented  a 
very  able  paper  before  the  American  Society  of  Mechanical 
Engineers,  discussing  this  matter  very  fully  and  broadly,  and 
advocating  a  half-time  school  system,  where  scholars  would 
work  in  shops  learning  trades  one-half  of  each  day,  and  spend 
the  other  half  in  ordinary  school  work. 

This  promises  well  for  the  rising  generation  of  workmen, 
but  does  not  accomplish  all  that  might  be  wished  for. 

There  is  an  opening  for  schools  for  older  bovs  and  voung 
men,  where  they  could  obtain  instruction  in  general  mechanics, 
physics,  etc.,  as  well  as  in  history,  literature  and  mathematics, 
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that  would  be  useful  and  practical,  without  going  to  the  extent 
demanded  in  the  technical  schools  of  to-day.  In  connection 
with  such  a  school,  practical  instruction  in  various  lines  of 
handicraft  should  be  carried  on,  including  thorough  courses  in 
mechanical  draughting,  elementary  bookkeeping,  cost  keeping, 
and  shop  management. 

The  trades  taught  should  embrace  thorough  practical 
working  knowledge  and  skill  in  the  art,  including  the  read¬ 
ing  of  drawings  and  the  laying  out  of  work.  Some  will  say 
that  a  man  can  not  learn  a  trade  except  by  a  regular  appren¬ 
ticeship  in  shop  or  factory,  but  a  little  consideration  will  demon¬ 
strate  that  a  trade  can  be  learned  in  much  shorter  time.  In 
the  shop,  as  soon  as  the  apprentice  learns  to  do  some  useful 
work,  he  is  kept  at  it,  so  that  his  employer  may  gain  some¬ 
thing  by  his  efforts.  In  most  shops,  no  regular  instruction  is 
given,  and  the  learner  must  use  his  own  observation  to  pro¬ 
gress,  coyping  the  methods  of  those  working  around  him.  In 
time,  he  does  learn  more  or  less,  according  to  the  attention  he 
has  paid.  Too  often,  he  learns  a  few  of  the  rudiments  and 
leaves  to  take  a  place  as  journeyman  in  another  shop  at  higher 
pay,  although  really  unlit  for  such  a  position.  If  he  had  had 
thorough  instruction,  progressing  according  to  his  ability  and 
skill,  always  onward,  he  would  have  really  learned  more  in  six 
months  or  a  year  than  he  would  generally  in  a  four-year  ap¬ 
prenticeship.  If,  in  addition  to  his  trade,  he  studied  branches 
of  science  related  thereto  in  a  practical  way,  it  is  obvious  he 
would  be  far  better  equipped  than  had  he  completed  a  regular 
apprenticeship. 

To  give  such  instruction  in  a  commercial  establishment, 
and  niake  the  business  pay,  seems  almost  impossible;  and 
hence,  shops,  suitably  equipped  with  machinery  and  appli¬ 
ances  for  carrying  on  different  branches  of  work,  with  com¬ 
petent  instructors,  run  in  connection  with  mental  instruction, 
can  exist  only  by  the  aid  of  philanthropists,  who  will  furnish 
and  equip  the  schools  and  provide  funds  for  their  maintenance. 
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Such  a  school,  lo  attract  the  masses,  must  charge  little  or  noth¬ 
ing  for  tuition,  as  the  boys  or  young  men,  as  a  rule,  could 
not  afford  paying  anything.  Many  have  to  help  support  their 
homes,  and  could  hardly  afford  to  go,  even  if  entirely  free. 

Actual  work,  to  be  sold  in  the  open  market,  should  be 
made  not  only  to  aid  the  school  financially,  but  to  train  the 
students  to  the  necessity  of  commercial  requirements,  and  not 
foster  in  them  the  idea  that  if  work  was  spoiled  it  made  no 
difference.  That  learners,  under  good  management,  can  make 
commercially  saleable  work,  is  evidenced  at  the  Worcester  Poly¬ 
technic  and  many  other  schools. 

Just  what  trades  and  studies  should  be  taken  up  requires 
careful  thought  and  study,  in  this  city,  schools  for  machin- 
ists,  blacksmiths,  pattern  makers,  moulders,  brass-workers, 
electric  workers,  glass  making,  bookkeeping,  typewriting,  dec¬ 
orating  and  designing,  glass  ware  and  stoves,  bridge  work,  etc., 
would  be  especially  desirable.  Certain  trades  could  hardly  be 
taught  in  the  schools,  such  as  steel  making,  blast  furnace  work, 
etc.,  but  lectures,  visits  to  large  works,  and  possibly  arrange¬ 
ments  with  such  works  to  have  a  limited  number  of  men  work 
at  mills  or  furnaces  under  instruction,  could  be  arranged  for, 
so  that  a  good  general  knowledge  could  be  attained. 

Such  a  school  should  provide  evening  courses  for  men  who 
could  not  spare  their  working  hours,  and  yet  desired  to  learn. 
Anyone  who  doubts  that  there  is  a  demand  for  such  a  practical 
education  among  the  workmen  has  only  to  inquire  regarding 
the  wonderful  growth  of  the  Scranton  School  of  Correspond¬ 
ence  and  other  similar  establishments,  aiming  to  give  men  the 
opportunity  to  study  up  at  home,  in  various  lines.  The  cours¬ 
es  offered  are  plain,  practical,  and  accurate,  within  the  grasp 
of  any  man  with  a  good  common  school  education,  average 
ability,  and  a  fair  amount  of  application. 

Among  the  students  or  apprentices  will  be  a  few  who 
show  a  higher  ability  than  the  average,  and  for  such  scholar¬ 
ships  in  the  higher  technical  schools  could  be  given,  allowing 
of  untrammelled  progress. 
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Men  completing  an  apprenticeship,  such  as  outlined,  would 
l>e  eagerly  sought  by  employers,  for  good  workmen  are  very 
scarce.  Equipped  with  such  training,  they  would  probably 
outstrip  others  not  so  favored,  and  obtain  positions  as  foremen, 
superintendents,  and  managers. 

The  regular  technical  schools  now  aim  to  turn  out  engi- 
neers,  and,  as  Mr.  Higgins  says,  only  about  10%  are  really 

7  7  CC  i /  /  t/  /  •> 

fitted  by  natural  ability  and  energy  to  become  good  engineers. 
The  rest  become  draughtsmen,  or  assistants,  or  foremen,  and 
are  disappointed,  in  that  there  are  so  many  of  them,  that  the 
compensation  is  very  low,  and  that  no  opportunity  seems  open 
to  them  for  further  advancement.  The  demand  for  first  rate 
engineers,  while  large,  is  not  unlimited,  and  only  the  best  can 
meet  the  requirements.  Others  must  occupy  inferior  positions, 
often  doing  skilled  brain  work  for  less  than  laborer’s  wages, 
especially  in  railroad  work.  It  would  therefore  seem  wise  to 
have  the  high  grade  technical  schools  require  a  much  higher 
plane  of  proficiency  for  entrance  and  thereby  greatly  limit  the 
number  of  applications,  and  to  carry  the  courses  to  a  higher 
point  than  at  present,  for  now  the  limit  must  be  that  of  the  ave¬ 
rage  man. 

Such  high-grade  schools  would  amply  provide  the  trained 
engineers  needed,  and  work  in  perfect  harmony  with  the  schools 
outlined  in  this  brief  paper.  These  trade  schools  would  also 
be  in  harmony  with  the  manual  training  schools,  which  would 
be  preparatory  in  their  nature. 

The  commission  appointed  by  Mr.  Carnegie  to  establish 
the  schools  he  intends  founding,  are  giving  the  matter  most 
careful  study.  They  are  gathering  information  from  every 
available  source,  both  here  and  abroad,  and  will  doubtless 
•decide  rightly.  Let  us,  as  engineers  and  workers  here  in 
Pittsburgh,  give  them  all  the  assistance  and  encouragement 
possible  in  their  difficult  undertaking. 

Mr.  C.  F.  Scott — A  committee  of  “  The  Society  for  the 
Promotion  of  Engineering  Education,”  presented  to  that  So- 
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cietv  at  its  New  York  meeting,  July  23,  1900,  a  report  en¬ 
titled  “American  Industrial  Education:  What  Shall  it  Be*” 

The  committee  consisted  of  : 

J.  B.  Johnson,  Dean  of  the  College  of  Mechanics  and  En¬ 
gineering,  University  of  Wisconsin,  Madison,  Wisconsin; 

C.  M.  Woodward,  Professor  of  Mechanics,  and  Director 
of  the  Manual  Training  School,  Washington  University,  St. 
Louis,  Missouri; 

R.  H.  Thurston,  Director  of  Sibley  College,  Cornell  Uni¬ 
versity,  Ithaca,  N.  Yr. ; 

H.  T.  Eddy,  Professor  of  Engineering  and  Mechanics, 
University  of  Minnesota,  Minneapolis,  Minn.; 

George  F.  Swain,  Professor  of  Civil  Engineering,  Mas¬ 
sachusetts  Institute  of  Technology,  Boston,  Mass. ; 

Edgar  Marburg,  Professor  of  Civil  Engineering,  Univer¬ 
sity  of  Pennsylvania,  Philadelphia,  Pa. 

As  the  gentlemen  composing  the  committee  are  of  dis¬ 
tinguished  ability  and  as  this  report  is  so  comprehensive  and 
at  the  same  time  N  definite,  we  may  most  profitably  introduce 
it  into  our  present  discussion. 

The  report  is  some  thirty  pages  in  length,  and  I  am  there¬ 
fore  compelled  to  condense  by  the  omission  of  sentences  and 
paragraphs  from  a  report  which  is  already  very  concise  and 
compact. 


Extracts  from  Report  “ American  Industrial  Education: 
What  Shall  it  Be  f  ’ 5 

“Our  problem  is:  What,  in  addition  to  the  work  that  is 
now  done  in  our  primary  and  secondary  schools,  is  it  wise  for 
us  to  attempt  to  do  in  schools  of  various  sorts  for  those  young 
people  who  are  looking  for  employment  in  our  manufacturing 
industries,  or  in  commercial  houses,  or’ with  our  great  trans¬ 
portation  companies,  or  in  those  new  or  more  or  less  original 
adaptations  of  material  means  to  social  ends  which  are  the  pe¬ 
culiar  problems  of  the  engineering  profession? 
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“The  object  of  this  report  is  to  bring  the  members  of  this 
Society  into  substantial  agreement  as  to  what  it  is  best  to  do. 

“Your  committee  are  of  the  opinion  that  heretofore  we  all 
have  relied  too  much  upon  the  common  schools  and  upon  native 
ability.  We  have  also  conceived  the  generic  American  boy  or 
girl  as  conditioned  in  a  single  way,  and  then  have  provided 
educational  means  and  methods  to  tit  this  particular  condition. 
But  the  average  or  generic  boy  is  no  particular  boy.  We  for¬ 
get  that  they  are  particular  boys  who  are  to  be  trained  to  do 
the  business  of  the  coming  generation,  and  these  particular 
boys  are  of  all  ages,  conditions,  tastes,  and  capabilities.  Your 
committee  are  quite  agreed,  that  in  America  every  boy  should 
find  his  career  entirely  open  at  the  top.  Society  here  is  not  to 
be  stratified  horizontally,  but  rather  vertically.  Our  educa¬ 
tional  ways  and  means,  therefore,  must  be  planned  for  the 
purpose  of  helping  every  boy  or  man  to  make  the  most  of  him¬ 
self,  and  hence  to  return  to  society  the  most  he  is  capable  of. 
Our  industrial  educational  advantages  and  opportunities,  there¬ 
fore,  should  be  both  attractive  and  available  to  all  classes  and 
to  all  ages.  Any  person  wishing  to  improve  himself  and  to 
make  of  himself  a  more  useful  citizen  should  find  an  opportu¬ 
nity  for  gratifying  this  high  ambition. 

“However  much  a  man  knows ,  he  is  a  drone  in  the  hive  if 
he  cannot  do  something  for  the  common  good.  It  must  be 
understood  we  are  not  asking  for  utilitarian  education  in  }>iace 
of  a  mind-informing  and  mind-developing  education,  but  to 
supplement  such  cultural  education  as  the  boy  or  girl  has  been 
able  to  obtain.  Neither  do  we  care  to  insist  upon  young  people 
availing  themselves  of  this  utilitarian  education.  We  are  only 
concerned  that  it  should  be  offered,  and  we  have  every  reason 
to  believe  that  it  will  be  a  long  time  before  the  facilities  will 
outrun  the  pressing  demand  for  any  kind  of  education  which 
will  enable  a  man  to  rise,  in  honor  and  in  usefulness,  in  his 
chosen  calling. 

“We  are  now  to  try  to  agree  upon  the  various  and  sundry 
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classes  of  theoretical  and  practical  schools  which  are  needed  in 
every  populous  center  in  this  country.  These  classes  of  schools 
will  now  be  described  and  discussed  separately. 

I.  The  Manual  Training  School. 

“There  has  probably  never  been  a  movement  in  American 
educational  methods  which  has  effected  such  great  changes  in  so 
short  a  time  as  this  manual  training  school  movement.  No 
pretense  is  made  of  fitting  for  particular  employments,  and  in 
point  of  fact  but  a  very  small  percentage  of  their  graduates 
become  and  remain  artisans. 

“The  arguments  in  favor  of  these  schools  are  first,  that 
they  at  present  draw  their  students  very  largely  from  those 
who  otherwise  would  leave  school  altogether  at  about  the  age 
of  fourteen  or  earlier;  and  second ,  that  for  a  very  large  propor¬ 
tion  of  city  boys  this  is  at  present  the  best  kind  of  a  school 
they  can  attend  at  this  age,  no  matter  what  they  expect  to  do 
subsequently.  Here  the  whole  boy  is  sent  to  school  and  not 
merely  his  head,  as  Dr.  Woodward  has  so  tersely  expressed  it. 

“While  these  schools  cannot  be  called  industrial,  since  they 
fit  for  nothing  in  particular,  they  belong  to  the  industrial  class. 
Your  committee  are  in  substantial  accord,  therefore,  in  their 
belief  in,  and  in  their  support  of,  the  manual  training  schools 
as  now  organized  and  operated.  They  would  like  to  see  these 
multiply  until  every  boy  can  have  the  opportunity  of  obtaining 
this  kind  of  education  free  of  charge.  Whenever  manual  train- 
ing  is  made  a  fixed  part  of  the  public  school  system,  however, 
they  most  earnestly  recommend  a  further  development  of  the 
system,  as  described  under  the  title  of 

II.  Manual  Training  and  Art  Education  as  a  Part  of 
all  Public  School  Education,  from  the  Kinder¬ 
garten  THROUGH  THE  HlGH  SCHOOL. 

“This  we  conceive  to  be  the  ideal  method  of  introducing 
both  manual  and  art  training  into  the  public  schools.  In  two 
or  three  of  the  lower  grades  sloyd  work  and  simple  hand  tool 
work  might  be  employed  for  both  boys  and  girls.  Freehand 
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drawing  also  should  be  taught  alike  to  all,  and  this  should  de¬ 
velop  into  graduated  exercises  of  simple  art  designing,  model¬ 
ing,  carving,  water  color  painting,  carpet,  wall  paper,  and  fur¬ 
niture  patterns,  etc. 


“ This  ire  conceive  to  be  the  ideal  public  school  of  America. 


“America  is  far  behind  Europe,  and  particularly  France, 
in  all  matters  pertaining  to  either  tine  or  industrial  art.  The 
highest  industrial  rewards  come  for  new  labor-saving  devices 
and  for  new  art  industrial  designs.  In  the  former  we  already 
lead  the  world,  but  in  the  latter  we  are  far  behind.  Art  can 

7 

only  thrive  under  conditions  of  general  comprehension  and  ap¬ 
preciation.  We  need  an  art  atmosphere. 

“But  this  aesthetic  argument  will  have  less  weight  with  our 

Cl  O 

people  at  this  time  than  will  the  economic  argument  which 
goes  with  it  Artistic  design  doubles  the  value  of  the  product 
while  it  may  not  appreciably  add  to  its  cost  of  production. 


III.  The  State  Agricultural  and  Mechanical  Colleges. 

“These  schools  are  now  found  in  one  form  or  another  in 
nearly  every  State  in  the  Union.  They  serve  a  very  large  con- 
stituency  in  the  fields  of  agriculture,  the  mechanic  arts,  and  en¬ 
gineering.  They  give  a  sufficient  scientific  and  practical  train¬ 
ing  to  make  most  useful  members  of  the  engineering  profession 
in  those  grades  which  make  up  the  great  body  of  practicing 
engineers. 

IV.  The  Higher  Engineering  Colleges. 

“These  are  strictly  professional  schools  of  a  high  grade, 
which  teach  both  pure  and  applied  science.  Many  of  them  are 
privately  endowed  and  others  are  under  the  fostering  care  of 
the  State,  either  as  departments  of  the  State  universities  or 
otherwise.  In  the  training  of  professional  engineers  they  are 
about  all  that  could  be  desired.  The  scope  and  purpose  of 
these  schools  are,  however,  well  understood  by  our  people  and 
they  need  not  be  further  elaborated  here. 
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Y.  Monotechnic  or  Trade  Schools. 

‘‘These  schools  are  comparatively  new  to  the  American 
people.  They  have  long  been  in  operation  abroad,  and  are  most 
fully  developed  in  Germany.  But  the  foreign  pattern  is  not 
well  suited  to  American  needs.  There  a  boy’s  career  can  be 
marked  out  for  him  in  advance.  If  he  is  to  bean  artisan  he  is 
expected  always  to  remain  an  artisan.  The  particular  trade  which 
he  is  expected  to  learn  is  commonly  that  of  his-  father  before 
him.  He  is  at  best  a  sort  of  machine.  His  future  is  his  fate. 
He  has  ittle  opportunity  to  rise  above  his  station.  His  career 
is  closed  at  the  top.  Society  is  stratified  horizontally. 

“In  America  all  schooling  should  lead  primarily  to  the  ele¬ 
vation  and  development  of  the  individual ,  and  only  secondarily 
to  a  greater  material  prosperity.  It  is,  doubtless,  through  a 
mistaken  notion  that  the  trade  school  does  not  do  this,  that  this 
class  of  schools  has  made  so  little  headway  in  this  country.  If 
we  teach  a  boy  a  trade  it  is  not  only  that  he  may  practice  it, 
but  that  he  may  become  a  master  workman,  an  employer,  a 
contractor,  a  manufacturer,  a  proprietor,  a  leader  in  his  calling, 
and  withal  an  influential  citizen  and  a  participant  in  public  af¬ 
fairs.  That  a  properly  conducted  trade  school  would  lead  to 
these  results  in  this  country  cannot  be  doubted.  AYe  should 
teach  our  boys  many  things  besides  the  mere  manual  perform¬ 
ance  of  a  trade.  In  the  trade-school  should  always  be  taught 
some  of  the  scientific  theory  which  accompanies  and  underlies 
such  performance. 

“The  need  for  industrial  training  is  becoming  daily 
more  apparent.  Not  only  are  most  vocations  becoming  more 
scientific  and  less  traditional  in  their  practice,  but  the  whole¬ 
sale  introduction  of  labor-saving  machinery  and  the  abandon¬ 
ment  in  large  measure  of  the  apprenticeship  system,  leaves  our 
boys  and  young  men  almost  without  opportunity  or  resource 
in  entering  successfully  any  of  these  practical  callings.  In  ad¬ 
dition  to  these  inherent  obstacles,  the  rules  of  the  trades  unions, 
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by  which  the  admission  of  learners  is  limited  to  a  very  insign- 
niticant  number,  still  further  shut  out  young  men  from  all  lines 
of  productive  employment. 

“It  has  come  to  such  a  pass,  in  fact,  that  the  avenues  by 
which  American  youths  can  learn  almost  any  practical  calling 
in  all  its  details  are  often  absolutely  sealed  up.  The  only  re¬ 
course  is  the  teaching  of  all  these  trades  and  employments  in 
especially  equipped  schools.  If  the  would-be  apprentice  hopes 
to  become  anything  more  than  the  average  workman,  he  must 
learn  the  scientific  and  practical  elements  somewhere,  and  it  is 
well  established  that  he  can  learn  them  most  successfully  in 
properly  operated  schools.  Some  of  the  more  important  in¬ 
dustries  now  requiring  such  schools  will  be  named. 

“1.  The  Textile  Industries  are  among  those  which  most 
rapidly  submit  themselves  to  monotechnic  or  trade  school  in¬ 
struction. 

“2.  The  Machine  Trades  are  at  the  basis  of  all  manufac¬ 
turing,  and  superiority  in  these  very  largely  sustains  our  mod¬ 
ern  national  prosperity.  The  fundamental  principles  and  most 
of  the  practice  of  these  industries  can  best  be  taught  in  schools 
having  proper  equipments.  Formerly  a  great  deal  of  hand¬ 
work  was  done,  and  every  journeyman  in  the  shop  was  expect¬ 
ed  to  be  able  to  perform  any  task  in  the  ordinary  routine  of 
shop  duties.  This  demanded  a  long  shop  practice  and  the  acqui¬ 
sition  of  a  high  degree  of  manual  skill. 

“Again  it  must  not  be  forgotten  that  many  of  our  most  in- 
genious  and  capable  machinists  and  mechanical  inventors  who 
have  become  the  proprietors  of  the  finest  machine  tool  works 
in  the  world,  have  had  no  special  technical  education,  but  have 
come  up  through  the  old  system  of  apprenticeship.  To  save 
this  class  of  talented  young  men  to  the  business,  and  to  enable 
them  to  fully  master  an  industry,  some  means  should  be  provid¬ 
ed  for  giving  them  what  the  former  apprentice  system  gave. 
These  men  will  not  leave  their  employment  and  go  back  to  the 
schools.  Such  schooling  as  they  are  ever  to  receive  must  be 
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brought  to  them.  Many  of  the  most  capable  of  this  class  will 
now  find  some  means  of  acquiring  a  technical  education  before 
entering  upon  industrial  employment.  It  is  probable,  there¬ 
fore,  that  only  a  few  of  the  untrained  workers  in  the  shops 
will  care  to  avail  themselves  of  any  school  opportunities,  how¬ 
ever  convenient,  but  these  few  are  the  ones  who  would  profit 
most  by  such  training,  and  whom  society  can  least  afford  to 
lose  from  its  high  service.  These  may,  with  some  technical  in¬ 
struction,  become  leaders  and  directors  of  their  fellows,  and 
the  rest  may  remain  automatic  attachments  to  their  mechanical 
tools  if  they  choose,  without  seriously  impairing  the  success  of 
the  works.  This  is  the  hardest,  though  not  the  largest  and 
most  important,  problem  your  committee  has  had  to  struggle 
with.  How  are  we  to  furnish  adequate  instruction  to  those  young 
men  who  will  have  had  no  opportunity  to  secure  a  technical 
training,  but  who,  after  entering  upon  some  industrial  calling, 
wish  to  remedy  this  defect  of  early  education  (  Such  answers 
as  we  are  able  to  make  are  contained  in  the  next  section  of  this 
progress  report.  Since  nearly  all  industrial  production  to-day 
is  mechanical,  the  solutions  which  are  offered  for  the  technical 
training  of  machinists  will  apply  very  largely  to  the  workers 
in  all  lines  of  mechanical  production. 

VI.  Supplementary  Schools  for  Industrial  Workers. 

“These  are  schools  for  those  bright  and  promising  boys  and 
young  men  who  have  from  choice  or  from  necessity  already 
gone  to  work  in  some  industrial  calling  with  little  or  no  scien- 
t ific  or  technical  schooling,  as  well  as  those  boys  who  can  be 
reached  by  no  other  class  of  industrial  or  technical  schools. 
The  most  promising  foundations  for  the  organization  of  these 
schools  your  committee  believe  to  be  the  following: 


“  1 .  Proprietary  trade  schools  in  con nection  with  industrial 
works .  We  believe  that  it  will  be  profitable  in  all  the  great 
industries  to  establish  industrial  schools  in  connection  with  all 
their  large  factories  in  which  a  few  of  their  brighter  workmen 
can  be  educated  not  only  in  all  parts  of  their  business  but  in 
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the  underlying  and  related  sciences,  in  order  to  become  capable 
foremen,  superintendents,  and  inventors.  After  we  have  pass¬ 
ed  through  the  stock-jobbing  stages  of  these  new  and  mammoth 
combinations,  we  shall  surely  come  around  to  this  basis  of  most 
economic  production  and  safe  business  management.  We  are 
now  passing  rapidly  through  an  evolutionary  if  not  a  revolu¬ 
tionary  stage  in  these  matters,  and  our  general  managers  of 
large  works  are  coming  to  realize  the  necessity  of  an  education- 
al  side  to  their  business.  That  all  of  our  large  industrial  works 
and  combinations  of  works  should  be  brought  to  see  it  to  their 
interests  to  furnish  supplementary  school  facilities  to  their 
brighest  boys,  is  the  problem  which  no  r  presents  itself  to 
those  who  wish  to  further  the  course  of  industrial  education  in 
this  country. 

“2.  Correspondence  Technical  Schools.  The  fact  that  a  single 
one  of  these  schools  (the  oldest  one)  is  now  carrying  on  its  roll 
of  students  over  two  hundred  thousand  names,  is  the  best 
proof  in  the  world  of  the  great  demand  for  technical  educa¬ 
tion.  Such  schools,  however,  can  never  supply  the  place  of 
any  of  our  regularly  organized  and  equipped  day,  or  even  of 
our  evening,  technical  schools. 

“3.  City  and  Endowed  Evening  Schools.  These  are  design¬ 
ed  to  serve  young  men  who  are  employed  throughout  the  day. 
The  student  becomes  more  or  less  worn  out  by  his  day's  toil  and 
he  reaches  home  long  after  his  usual  retiring  hour,  practically 
exhausted.  His  mind  cannot  be  alert  with  his  body  in  a  fag- 
ged-out  condition,  and  hence  this  class  of  instruction  is  at  once 
a  great  hardship,  and,  in  comparison  with  day  schools,  it  is  of 
relatively  little  profit.  The  teachers  are  changed  from  year  to 
year,  and  there  is  no  fixed  policy  or  line  of  study.  The 
teachers,  also,  are  not  commonly  experienced  in  imparting  in¬ 
struction,  and  the  whole  atmosphere  of  these  schools,  especial¬ 
ly  in  our  city  evening  schools,  is  apt  to  be  very  far  from  stim¬ 
ulating  and  invigorating. 
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“4.  Y.  M.  C.  A.  Evening  Schools  and  Sunday  Technical 
Schools.  Y.  M.  C.  A.  work  is  more  with  the  mercantile 
than  with  the  manufacturing  classes.  Sometimes  Sunday 
technical  schools  have  been  tried,  but  they  are  not  likely  to  be 
very  largely  introduced  or  patronized  in  this  country. 

“These  supplementary  evening  and  Sunday  technical 
schools,  therefore,  can  never  serve  as  an  adequate  means  for 
giving  to  young  men  in  America  a  high  technical  development, 
or  in  preparing  them  for  a  great  technical  service  to  the  manu¬ 
facturing  industries. 

“5.  Half-time  Self-supporting  Trade  Schools.  This  class 
of  schools  has  recently  been  ably  advocated  by  Mr.  M.  P.  Hig¬ 
gins,  in  the  Proceedings  of  the  Ajnerican  Society  of  Mechan¬ 
ical  Engineers.  Mr.  Higgins  was  for  twenty  years  in  charge 
of  the  shop  instruction  given  in  the  Polytechnic  Institute,  of 
Worcester,  Massachusetts.  In  such  a  school  the  boys  would 
spend  half  the  day  in  the  school  and  the  other  half  in  the  shop. 
They  would  pay  little  or  no  tuition  but  they  would  receive 
nothing  for  their  work.  The  school  would  be  divided  into  two 
sections  and  these  would  alternate  in  school  and  shop  work. 
If  such  a  system  of  trade  schools  be  practicable,  they  may  go 
a  long  way  towards  furnishing  a  final  solution  to  the  great 
problem  of  the  industrial  training  of  the  rising  generation. 
If  it  succeeds,  as  its  chief  advocate  promises  that  it  will,  it 
may  mark  the  beginning  of  as  great  a  movement  in  industrial 
education  as  the  manual  training  school  has  done  in  general 
education.  There  is  no  middle  ground  between  the  expert 
machinist  and  the  mechanical  engineer.  The  difference  is  one 
of  degree  rather  than  of  kind.  These  half-time  schools  would 
turn  out  expert  machinists,  many  of  whom  might  become  skill¬ 
ful  engineers. 

“6.  Public  Libraries  and  Scientific ,  Technical ',  and  Trade 
Journals.  We  must  not  forget  that  every  man  who  has  come 
to  anything  is  almost  wholly  a  self-made  man.  But  now,  if 
both  the  systematic  apprenticeship  and  the  technical  schooling 
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be  wanting,  there  still  remains  a  Hood  of  printed  matter  in 
books  and  journals  from  which  a  young  man  can,  if  he  will, 
obtain  a  very  theoretical  grounding  in  the  manufacturing  or 
commercial  industry  in  which  he  is  engaged. 

VII.  Higher  Colleges  of  Commerce. 

“The  work  will  include  a  writing  and  speaking  knowledge 
of  one  or  two  foreign  modern  languages  ;  a  wide  acquaintance 
with  commercial  geography  and  the  materials  of  commerce  ; 
full  courses  upon  means  and  methods  of  transportation,  and 
the  shipping  regulations  of  various  countries  ;  commercial  law 
and  customs  regulations,  both  foreign  and  domestic  ;  the  laws 
and  practices  of  banking  and  exchange  ;  political  and  economic 
science;  mediaeval  and  modern  history ;  the  history  of  com¬ 
merce  and  manufacture ;  consular  duties,  regulations,  and 
reports  ;  international  business  law  ;  and  other  subjects  which 
can  be  taught,  and  which  will  help  to  qualify  a  young  man  for 
a  responsible  position  in  a  large  business  having  foreign  rela¬ 
tions,  or  as  a  United  States  consul.  These  schools  would  then 
stand  in  a  supplementary  relation  to  the  higher  industrial  and 
engineering  schools.  While  the  latter  train  the  captains  of 
industry,  the  former  train  the  men  to  exploit  the  products  of 
these  industries  in  all  foreign  countries.  In  the  development 
of  our  foreign  commerce  one  is  as  essential  as  the  other.  With 
both,  our  material  supremacy  is  assured  for  all  time." 

A  careful  reading  of  the  full  report  and  the  discussion 
broadens  one's  ideas  of  the  scope  of  industrial  education. 
The  problem  of  education  in  general  is  one  of  the  greatest  prob¬ 
lems,  and  it  has  occupied  the  greatest  minds.  The  problem 
of  education  has  been  one  of  evolution,  particularly  during 
the  last  century.  We  all  know  how  school  methods  have 
changed — the  evolution  from  the  old  classical  courses  and 
the  recognition  that  there  is  more  than  one  kind  of  education. 
Education  has  naturally  been  of  a  theoretical  nature.  It  ha> 
been  coming  toward  the  practical.  It  is  leaving  the  ancient 
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languages,  and  substituting  the  sciences,  engineering  and  prac¬ 
tical  things.  While  a  higher  engineering  school  for  a  higher 
grade  of  engineers  finds  its  place  among  the  schools  as  they 
now  are,  yet  the  great  additional  field  to  consider  is  that  which 
wovdd  be  helpful  to  the  bright  young  fellows  who  have  not 
the  means  to  secure  a  higher  education.  We  need  not  discuss 
the  education  which  is  ideally  the  most  perfect,  for  the  choice 
often  lies  between  that  which  is  feasible  and  practicable,  or 
nothing.  In  the  consideration  of  the  present  problem  I  am 
convinced  that  it  will  be  wise  to  keep  this  object  in  view — to 
give  the  mass  of  young  men  opportunities  which  they  would 
not  otherwise  have,  without  sacrificing  the  higher  and  more 
complete  education. 

Mr.W.  E.  Snyder — If  anything  occurs  in  this  paper  which 
is  a  repetition  of  what  has  been  read,  you  will  kindly  ascribe  it  to- 
the  fact  that  all  great  minds  run  in  the  same  channel.  I  have 
had  no  inkling  of  what  was  to  be  in  the  first  two  papers. 

When  the  writer  framed  the  motion  to  refer  the  discus¬ 
sion  of  the  proposed  Carnegie  School  to  a  committee,  he  had 
in  mind  the  idea  of  but  two  kinds  of  industrial  schools: 

1.  Manual  Training  Schools: 

2.  Technical  or  Engineering  Schools. 

The  outline  of  the  work  of  the  committee  indicates  that 
but  two  kinds  of  schools  were  considered,  and  as  it  was  in¬ 
tended  that  this  committee  should  put  the  matter  in  shape  to 
bring  before  the  Society,  and  that  the  Society  should  then  con¬ 
sider  the  work  of  the  committee  and  eventually  put  it  in  shape 
to  bring  it  before  the  public — not  only  as  the  opinion  of  the 
Society  as  to  what  kind  of  a  school  is  most  needed,  but  also  a 
clear  explanation  of  the  different  lines  of  industrial  education 
that  now  exist,  and  the  reason  why  one  kind  is  more  needed 
than  any  other — it  is  evident  that  there  should  be  no  confusion 
in  the  mind  of  anyone  regarding  the  present  status  of  indus¬ 
trial  education. 
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Discussion  in  committee  and  subsequent  study  has  de¬ 
veloped  the  fact  that  there  are  more  than  two  lines  of  such 
education,  and  that  even  in  the  minds  of  engineers  their 
limits  and  distinctions  are  somewhat  hazy. 

While  not  wishing  to  quibble  over  definitions  of  technical 
terms,  nor  to  point  out  the  many  cases  of  confusion  arising 
from  the  same  word  or  phrase,  having  a  limited  and  specific 
meaning  in  a  technical  sense,  and  a  broad  and  indefinite  mean¬ 
ing  to  the  general  public,  yet  it  is  well  to  classify  the  distinct 
lines  of  industrial  education,  so  that  when  a  certain  kind  of 
school  is  spoken  of,  the  conception  of  the  school  is  complete 
without  further  explanations. 

The  writer  would  distinguish  between  four  separate  lines 
of  industrial  education,  as  it  is  now  developing,  as  follows  : 

1.  Manual  training  as  supplementing  the  mental  training 
of  the  public  schools. 

2.  Trade  schools  in  which  are  taught  any  or  all  trades, 
so  far  as  a  trade  can  be  learned  under  the  organization  and 
limitations  implied  by  the  term  “school.*1 

3.  Technical  or  technological  schools,  in  which  are  taught 
the  varied  processes  of  manufacture,  especially  those  depend¬ 
ent  upon  metallurgy  and  applied  chemistry. 

5.  Colleges  of  Engineering  in  which  are  educated  and 
trained  the  men  who  design,  plan,  and  construct,  who  devise 
and  execute,  combining  natural  forces  and  material  things  in 
such  ways  as  to  develop  resources  and  promote  industry. 

The  manual  training  school,  as  a  supplement  to  the  public 
school  system,  teaches  the  use  of  the  more  common  tools  in 
the  elementary  operations  common  to  many  trades.  The 
primary  idea,  as  expressed  by  Froebel,  is  not  to  make  me¬ 
chanics  but  to  “round  out  the  man.1’  So  that  if  ever,  in 
the  changeing  exigencies  and  vicissitudes  of  human  life  it  should 
be  incumbent  upon  any  member  of  the  so-called  I  earth  d  pro¬ 
fessions,  to  drive  a  nail  or  saw  off  a  board,  he  might  do  so 
with  impunity  and  without  danger  to  himself  or  family. 
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Manual  training  will  also  develop  any  latent  dexterity  in  the 
use  of  tools,  which  may  go  far  to  determine  the  future  of  the 
pupil. 

In  the  trade  schools  dexterity  in  the  use  of  tools  is  a 
prime  requisite,  as  is  also  what  men  call  a  “  mechanical  eye.” 

Instruction  in  the  theory  of  every  trade  should  be  co¬ 
ordinate  with  its  practice,  and  the  efficient  bricklayer  of  the 
future  will  be  the  one  who  knows  why  it  is  better  to  wet* 
bricks  before  laying  them  in  hydraulic  cement,  and  the 
efficient  blacksmith  of  the  future  will  be  the  one  who  under¬ 
stands  what  is  the  matter  with  the  iron  he  is  now  satisfied  to 
call  rotten,  and  why  he  has  to  use  a  fiux  if  he  wants  to  make  a 
good  weld.  The  average  workman  of  to-day  does  not  know 
such  things  because  the  “  man  he  learned  with  ”  did  not  know 
them,  and  that  man  did  not  know  them  because  his  instructor 
did  not.  And  thus  it  goes.  There  is  no  sound  progress,  and 
will  not  be,  until  at  least  part  of  a  trade  is  taught  in  a  trades 
school. 

In  the  school  of  technology  mere  mechanical  dexterity  is 
not  of  such  importance  as  in  the  trades  school.  A  certain 
deftness  in  manipulation  and  a  love  for  the  natural  sciences 
are  requisite. 

The  use  of  the  term  ‘‘technology”  in  reference  to  col¬ 
leges  of  engineering  is  unfortunate.  No  one  thinks  of  refer- 
ring  to  any  book  on  Technology  for  instructions  for  de¬ 
signing  a  truss  or  a  dynamo,  yet  men  now  go  to  schools  of 
“  technologv  ”  to  learn  both  these. 

O  v 

The  college  of  engineering  demands  mental  qualifications 
of  the  highest  order.  Many  of  the  studies  are  severely  mathe¬ 
matical,  and  demand  strong  reasoning  power  and  a  mind 
capable  of  grasping  and  holding  and  measuring  the  relative 
importance  of  many  details  of  a  special  problem.  Expertness 
in  the  use  of  tools  or  pure  mechanical  ability  of  the  hands  is 
not  required,  though  where  it  does  exist  in  combination  with 
the  proper  mental  capacity  it  is  a  decided  advantage. 
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Of  the  four  lines  of  industrial  education  outlined  above, 
the  tirst  comes  under,  and  is  being  developed  by,  the  public 
school  system.  The  fourth  has  been  well  cared  for  in  the 
number  of  very  excellent  engineering  colleges  of  this  state  and 
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country,  many  of  which  are  convenient  to  Pittsburg. 

The  second  and  third  are  the  least  developed.  The  trades 
and  processes  of  manufacture  must  be  taught,  not  learned 
entirely  by  experience  and  rule  of  thumb  methods  from  men, 
themselves  taught  bv  such  methods.  Call  it  anything  vou 
choose,  but  the  school  which  will  teach  trades  and  processes  is 
the  one  this  city  and  this  country  most  needs. 

%j 

Mr.  F.  Z.  Schellenberg — Gentlemen,  the  papers  have 
all  been  submitted,  and  the  subject  is  now  ready  for  discussion. 

Mr.  H.  W.  Fisher — Gentlemen,  I  think  you  will  agree 
with  me  that  the  committee  has  certainly  done  excellent  work, 
and  has  given  a  great  deal  of  thought  to  this  subject,  which  is 
of  the  greatest  interest  at  the  present  time.  I  am  sure  there 
are  many  facts  to  think  upon  brought  up  by  this  discussion, 
and  we  can  all  see  of  what  interest  this  would  be  to  Pittsburg. 

Mr.  W.  G.  Wilkins — The  committee,  I  think,  has  done 
a  great  deal  of  work,  and  has  given  us  a  very  good  idea  of 
part  of  the  resolution.  The  resolution  says  : 

(a)  Define  and  explain  in  clear  language  the  function  of 
the  Polytechnic  School. 

I  think  that  has  been  done. 

(b)  Define  and  explain  the  function  of  the  Industrial  or 
Trade  School. 

That  has  been  very  well  done. 

(c)  Point  out  their  differences,  especially  as  to  require¬ 
ments  for  admission,  training  given,  and  kind  of  work  for 
which  graduates  are  fitted. 

That  has  been  done.  The  committee  has  done  all  that 
verv  well.  I  don't  know  whether  they  intentionally  went  no 
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further  in  the  duties  assigned  to  them  or  not,  but  it  seems  to 
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me  they  have  left  untouched  the  most  important  part.  The 
most  important  part,  to  my  mind,  of  this  whole  resolution  is 
contained  in  the  clauses  (d)  and  (e). 

(d)  Draft  suggestions  as  to  which  kind  of  school  would  be 
most  appropriate  for  this  community. 

(e)  Submit  this  in  writing  to  the  Society  for  discussion 
and  action. 

That  they  have  not  done.  Mr.  Carnegie  has  given  a 
million,  the  papers  say,  and  will  probably  give  a  million  or 
two  more.  My  understanding  was  that  this  committee  should 
explain  their  ideas  of  the  way  this  money  should  be  spent. 
They  have  not  submitted  this  in  writing.  I  think  those  last 
two  clauses  are  the  most  important  part  of  the  whole  resolu¬ 
tion.  I  have  my  own  ideas  as  to  what  Mr.  Carnegie  might  do 
and  ought  to  do  with  that  money,  but  I  would  like  to  hear 
from  some  of  the  members  first. 

Mr.  F.  Z.  Schellenberg — It  must  have  escaped  atten¬ 
tion  in  my  paper,  which  was  very  brief,  that  I  said  we  hoped 
it  would  be  agreed — upon  report  of  these  proceedings — and 
after  discussion  of  this  committee  as  a  whole,  that  communica¬ 
tions  should  be  invited  after  this  is  printed  and  sent  out  to  the 
membership. 

Mr.  W.  G.  Wilkins — I  was  in  hopes  that  the  committee 
would  formulate  plans. 

Mr.  F.  Z.  Schellenberg — This  committee  needs  all  your 
heads.  The  committee  doesn’t  assume  to  know  as  much  as 
can  be  brought  up  in  that  way.  We  have  an  exemplar  in  this 
pamphlet  that  Mr.  Scott  read.  It  was  suggested  to  me  inde¬ 
pendently  by  one  of  the  older  members  that  our  proceedings 
here  to-night  should  be  printed  and  communications  should  be 
invited  and  added  for  the  final  report.  That  is  what  is  asked 
for  there. 

Mr.  W.  G.  Wilkins — The  committee  have  given  this 
whole  subject  very  much  more  study  than  any  members  out- 
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side  of  the  committee,  and  I  would  like  to  ask  if  they  have 
any  objection  to  making  a  suggestion  as  to  what  their  ideas  are. 

Mr.  F.  Z.  Schellenberg — The  committee  has  exhausted 
itself  for  to-night. 

Col.  Roberts — It  seems  to  me  that  Mr.  Carnegie  does 
not  limit  us  as  to  whether  we  want  a  trade  school  or  some 
combination  school.  There  will  be  no  limit  to  the  funds  that 
will  be  supplied. 

I  think  the  word  manual  training  schools  should  not  be 
disturbed,  and  from  them  the  graduates  might  attend  the 
classes  at  the  great  central  institute  which  would  be  provided 
with  the  best  of  teachers  and  with  ample  facilities  in  many 
rooms,  where  all  kinds  of  trades  could  be  taught.  But  in  my 
opinion  all  this  is  subordinate  to  a  higher  aim.  We  want  an 
institute  here  where  the  ablest  men  of  the  country  could  gather 
and  while  acting  as  professors  and  teachers  they  could  engage 
in  original  researches.  Why  indeed,  should  our  voung  men 
go  away  from  home  to  acquire  an  education  in  physics Con¬ 
nected  with  the  Institute  from  the  very  start  should  be  a  jour¬ 
nal  published,  perhaps,  only  monthly  at  first,  to  be  sold  to 
subscribers  at  cost.  Among  the  departments  of  such  a  jour¬ 
nal  I  would  suggest  translations  of  philosophical  and  of  tech¬ 
nical  articles  appearing  in  foreign  journals.  Our  “class" 
journals  are  delinquent  in  this  respect.  We  want  the  best  of 
world's  scientific  thought  brought  to  us  dressed  in  good  Eng- 
lish,  with  foreign  measures  of  weights,  volumes,  and  distances, 
also  converted  into  the  English  standards.  The  publication  of 
such  a  journal  would  involve  much  labor  and  expense,  but  its 
value  as  a  work  of  reference  warrants  it  in  my  humble  opinion. 

I  think  Mr.  Carnegie  and  those  who  have  charge  of  it 

desire  advice  from  as  many  sources  as  possible,  and  I  think 

they  would  gladly  welcome  the  suggestions  of  members  of  our 

•Society,  and  especially  of  those  members  who  are  graduates  of 

schools  of  technology.  Such  graduates,  after  several  years 

experience  with  the  world,  ought  to  be  able  to  call  attention  to 

•anv  deficiencies  in  the  methods  under  which  they  were  trained. 
«/  %/ 
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Mr.  W.  E.  Snyder — I  think  it  is  veiy  hard  to  get  a  full 
comprehension  of  the  ideas  contained  in  that  report  from  hear¬ 
ing  it  read,  and  think  if  Mr.  Wilkins  will  wait  until  he  sees  all 
those  reports  printed  and  then  reads  them  over  he  will  see  that 
the  committee  has  not  been  so  negligent  on  that  point. 

Mr.  W.  G.  AVilkins — Mr.  Roberts  has  expressed  the 
opinion  that  the  Carnegie  School  should  be  more  than  a 
manual  training  school,  and  in  that  1  certainly  agree  with 
him.  I  believe  that  in  addition  to  that  character  of  a  school 
there  should  also  be  an  engineering  school,  so  that  graduates  of 
the  manual  training  school  who  desire  a  more  advanced  train¬ 
ing,  and  who  desire  to  adopt  some  of  the  more  advanced 
branches  of  engineering,  should  have  the  opportunity  to  do  so 
right  here  at  home  without  having  to  go  to  Boston,  Hoboken, 
Troy  or  Worcester.  By  an  engineering  school  I  mean  an 
engineering  school  in  its  largest  sense,  where  all  branches  can 
be  studied — civil,  mechanical,  mining,  electrical,  &c. 

Where  in  the  United  States,  or  in  the  whole  world,  is 
there  a  location  where  students  in  any  of  the  engineering 
branches  can  come  into  such  close  touch  with  the  practical  side 
of  these  professions  as  right  here  in  Pittsburg  ?  Where  in  the 
whole  world  can  be  found  in  such  a  small  radius  such  immense 
mills,  furnaces  and  factories?  Where  such  a  coal  mining  held  ? 
where  such  large  electrical  works  ? — all  within  a  few  miles,  as 
at  Pittsburg. 

1  believe  it  is  the  best  location  in  the  world  lor  such  an 
engineering  school.  That  this  is  recognized  is  shown  bv  the 
fact  that  most  of  the  engineering  schools  of  the  country,  every 
year,  send  some  of  their  classes  to  Pittsburg  to  visit  the 
various  engineering  industries  and  obtaining  a  knowledge  of 
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their  profession  from  the  practical  side.  1  know  from  per¬ 
sonal  knowledge  that  the  Michigan  Univeisity  send  their 
classes  in  mechanical  engineering  here  ;  the  Pennsylvania 
State  College  send  their  mining  classes  here,  and  other  insti¬ 
tutions  in  various  lines  of  engineering  do  the  same.  I  believe 
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that  if  an  engineering  school,  such  as  Mr.  Carnegie’s  endow¬ 
ment  would  make  possible,  in  connection  with  a  manual  train¬ 
ing:  school,  would  result  in  making  Pittsburg  famous  the  world 
over,  not  only  as  a  great  manufacturing  city,  blit  as  the  city 
having  the  best  engineering  school  in  the  world.  If  such  a 
school  could  be  established,  1  would  like  to  see  the  Engineering 
department  of  the  Western  University  incorporated  with  it  in 
some  manner  or  other,  as  otherwise  such  a  school  would  mean 
the  death  of  the  Engineering  department  of  the  University. 

Emil  Swensson — I  have  listened  with  great  interest  and 
profit  to  the  excellent  papers  read  and  remarks  made  here  this 
evening  on  this  the  most  important  question  now  before  the 
people  of  Pittsburg.  Having  personally  done  some  thinking 
on  the  subject  since  Mr.  Carnegie  made  the  announcement  of 
his  intention  to  generously  provide  a  Polytechnic  School  for 
Pittsburg,  permit  me  to  state  that  the  conclusions  I  reached 
coincide  with  those  expressed  by  the  last  two  speakers,  Messrs. 
Roberts  and  Wilkins,  namely  that  the  school  best  suited  to  the 
people  and  city  of  Pittsburg  and  the  grand  aim  of  Mr.  Car¬ 
negie  for  the  Carnegie  Institute,  would  be  a  combination  of 
Trade  and  Engineering  School,  the  former  being  a  prepara¬ 
tory  course  for  the  latter,  but  so  organized  that  it  would  be 
complete  in  itself  for  turning  out  good  mechanics,  foremen 
and  sub-superintendents,  etc. 

In  line  with  these  conclusions,  I  on  December  24th  last 
wrote  a  letter  to  one  of  the  Committee  appointed  by  Mr.  Car¬ 
negie  to  consider  this  subject,  briefly  and  hastily  giving  him  my 
views,  as  he  had  requested.  With  apology  to  this  gentleman 
and  with  your  permission  I  will  read  the  letter  : 

Complying  with  your  verbal  request  a  few  days  ago, 
for  a  written  opinion  as  to  what  I  think  should  be  the  scope  of 
the  technical  school  connected  with  the  Carnegie  Institute, 
now  contemplated  by  the  generous  gift  of  the  greatest  man  of 
the  age,  please  note  the  following  : 

The  experience  of  the  continent  of  Europe  with  this  sub- 
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ject,  I  believe,  could  be  profitably  studied  by  this  country,  and 
especially  by  Pittsburg,  before  taking  any  steps  regarding 
this  matter. 

The  earliest  technical  schools  were  those  that  simply  en¬ 
deavored  to  put  method  and  simple  scientific  rules  into  the 
work  of  the  artisan  and  mechanic,  by  teaching  the  appren¬ 
tices  and  young  mechanics  the  rudiments  of  applied  me¬ 
chanics,  and  particularly  the  use  and  construction  of  the  best 
kinds  of  tools.  The  next  step  was  to  introduce  the  study  of 
science  into  these  schools,  but  it  was  soon  found  that  a  thor¬ 
ough  fundamental  and  preliminary  education  on  general  sub¬ 
jects,  training  the  mind  and  making  it  receptive  for  the  scien¬ 
tific  truths,  was  necessary,  before  making  any  success  in  the 
study  of  the  sciences.  This  naturally  led  to  a  separate  class 
of  schools,  which  were  purely  scientific. 

It  was  found,  however,  in  the  course  of  time  that  these 
scientifically  educated  young  men  became  as  devoid  of  prac¬ 
tical  ideas  and  handiness,  as  formerly  the  class  of  artisans  had 
been  unable  to  take  up  scientific  truths.  From  these  two  ex¬ 
tremes  the  problem  was  finally  solved  in  the  best  of  the  schools 
on  the  Continent,  by  having  attached  to  the  scientific  schools, 
a  corps  of  instructors  who  taught  the  practical  handiwork  in 
shops,  and  also  a  set  of  instructors  who  taught  the  application 
of  the  sciences. 

A  few  of  the  schools  that  I  have  in  mind,  I  think,  have 
solved  the  matter  admirably.  The  corps  of  scientific  profes¬ 
sors  simply  instruct  in  the  theoretical  part  of  the  sciences, 
then  there  is  another  corps  of  instructors,  or  professors,  if  you 
please,  who  are  graduate  engineers,  and  who  are  engaged  in 
some  manufacturing  or  constructing  enterprise  in  the  city 
where  the  school  is  located,  willing  for  a  good  remuneration  to 
give  a  few  hours  each  week  to  the  Polvtechnicum,  for  lectures 
and  instructions  in  applying  the  sciences  in  a  practical  manner, 
taught  by  the  other  professors.  This  enables  not  only  the 
students,  but  the  scientific  professors  as  well,  to  keep  up  with 
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the  times,  as  otherwise  in  such  a  progressive  profession  as  the 
engineering  profession,  the  book  knowledge  is  from  5  to  10 
years  behind. 

But  in  addition  to  the  above,  these  few  schools  have  an¬ 
other  department,  that  is  the  work  shop  department,  in  which 
the  students  are  taught  the  use  and  handling  of  tools,  both 
foundry,  machine  shop,  ornamental  zinc  and  brass  work,  mod¬ 
eling,  wood  cutting,  etc.,  the  students  being  assigned  to  the 
various  duties  to  fully  manning  the  plant,  from  the  drudgeries 
to  the  superintendency,  all  under  a  capable  corps  of  first  class 
mechanics. 

One  or  two  of  the  very  best  of  this  class  of  schools  that 
I  know  of,  take  contracts  in  the  open  market  for  the  execution 
of  work,  thus  teaching  costs,  the  branch,  taking  care  of  the 
applied  science,  preparing  the  plans,  and  the  bookkeeping  de¬ 
partment  keeping  a  record  of  the  costs.  Such  a  school  as  this 
will  make  a  first  class,  all  around  engineer,  and  not  merely  a 
mechanic  ;  and  this  is  my  idea  of  a  school  for  Pittsburg,  which 
would  be  a  credit  to  its  noble  donor  and  the  city  he  loves. 

If,  in  addition,  it  should  be  desirable  to  reach  the  artisan 
and  the  mechanic,  through  the  medium  of  this  school,  all  well 
and  good  ;  enlarge  the  above  mentioned  practical  department 
so  as  to  take  them  in,  and  those  that  show  special  aptitude  for 
the  training  of  their  minds  in  the  applied  sciences  and  the  pure 
sciences,  can  progress  to  other  departments,  and  become  full 
fledged  engineers.  There  is,  however,  one  danger  ahead,  simi¬ 
lar  to  what  various  schools  in  Europe  have  had  to  contend  with, 
and  that  is  that  either  the  practical  or  the  scientific  end,  if  you 
please,  gets  the  upper  hand  and  impairs  the  usefulness  of  the 
school  either  one  way  or  the  other  (this  is  in  keeping  with  a 
similar  trouble  that  they  have  had  in  schools  in  this  country, 
which  were  originially  schools  for  lawyers,  doctors,  and  minis¬ 
ters,  and  have  taken  up  the  technical  end  as  well,  although  in 
this  latter  case  more  aggravated  because  the  original  scope  of 
the  school  was  more  on  precedent  and  the  past,  and  would  not 
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very  well  assimilate  with  the  engineering  profession,  which  is 
a  profession  of  progress  pre-eminent). 

Looking  to  this  country  we  have  several  schools  for  arti¬ 
sans  and  mechanics,  very  excellent  indeed,  such  as  the  Girard 
College,  Peabody  Institute,  Cooper  Union,  etc.,  which  served 
a  certain  purpose,  but  beyond  which  we  have  now  developed 
to  a  greater  need  for  better  trained  young  men,  or  what  is 
termed  the  engineering  profession. 

The  scientific  or  technical  attachments  to  our  colleges  and 
universities  are  good  in  their  way,  but  are  always  hampered 
by  the  supremacy  of  the  faculty  in  the  other  professions. 
The  purely  scientific  schools  in  this  country  are,  of  course, 
very  excellent,  the  Boston  Technical,  Troy  and  Stevens  stand¬ 
ing  highest. 

If  I  am  permitted  to  make  a  final  comparison,  I  believe 
the  Boston  Technical  is  now  the  best  one,  as  it  comes  nearest  to 
the  best  ones  of  the  Continent  of  Europe,  such  as  I  have  out¬ 
lined  above;  and  this  class  of  schools,  I  fully  believe,  are  the 
schools  of  the  future,  for  the  training  of  young  men  in  tech- 
nical  pursuits,  as  it  is  absolutely  necessary  to  fully  understand 
the  sciences  and  their  best  application  to  insure  economies  in 
the  manufacture  and  construction  of  engineering  work.  In 
fact,  the  technically  trained  man  is,  and  should  be,  a  great 
factor  in  the  economies  of  industry.  I  think  this  has  been 
plainly  proven  in  France  and  Germany,  especially  in  Germany, 
within  the  past  fifty  years,  which  country  is  making  such  in¬ 
roads  in  the  markets  of  the  world,  not  on  account  of  its  natu¬ 
ral  resources,  but  on  account  of  its  scientific  studies  of  all 
industrial  questions. 

With  Mr.  Wilkins,  I  confess  my  expectations,  before  com¬ 
ing  here  to-night,  were  that  I  would  hear  the  resolutions  passed 
at  last  meeting  answered  as  outlined  by  the  committee,  but  with 
him  was  somewhat  disappointed.  The  first  intimation  I  had  of 
this  subject  being  considered  by  the  Engineer's  Society  was 
when  I  received  the  notice  for  this  meeting,  and,  being  pre- 
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viouslv  interested  in  the  matter,  it  was  indeed  gratifying  to 
find  that  the  Society  had  made  a  special  point  of  same,  ap¬ 
pointing  a  committee  and  setting  aside  an  evening  for  its 
special  discussion.  I  therefore  this  afternoon  undertook  to 
answer  the  resolution  myself,  so  as  to  become  better  acquainted 
with  the  subject  before  the  discussion  this  evening,  and,  if  you 
will  pardon  my  assurance,  I  will  read  my  pencil  notes  as  jotted 
down.  Considering  the  Trade  School  preparatory  to  the 
Polytechnical  School  I  began  with  paragraph  (b). 

1.  The  function  of  the  Industrial  or  Trade  School  is  to 
train  young  men  in  the  various  trades,  the  principles  governing 
their  work,  the  use  and  manipulation  of  the  tools  belonging  to 
said  trades,  the  teaching  of  the  preparatory  studies  necessary 
for  the  study  of  the  rudiments  of  the  sciences,  and  above  all 
to  educate  them  in  the  rudiments  of  the  sciences  and  applied 
mechanics,  so  that  they  can  readily  read  detailed  drawings, 
develop  them  and  lay  out  work  from  them  for  the  proper  and 
economical  execution  and  performance  of  the  work  called  for 
on  said  detailed  drawings. 

2.  The  function  of  the  Polytechnic  School  is  to  educate 
young  men,  first,  in  the  abstract  sciences  and,  second,  in  the 
applied  sciences  for  the  economical  designing  and  construction 
of  industrial  plants,  private  and  public  works  of  all  kinds,  and 
the  machinery  and  appliances  required  in  anil  for  same  ;  and 
last,  but  not  least,  receive  training  for  t lie  economical  operation 
and  management  of  said  plants  and  properties,  with  their  cost 
and  value  as  an  investment. 

3.  Requirements  for  admission,  training  given,  and  kind 
of  position  for  which  graduates  are  fitted  : 

Trade  Schools  : 

Entrance  Age — 14  years. 

Entrance  Examination — The  public  school  grade  for  that 
age  or  its  equivalent. 

Course — 4  years. 
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Training — Work  in  regularly  organized  shops  and  labora¬ 
tories  of  various  kinds  ;  construction  and  making  of  tools  and 
the  simple  mechanical  appliances ;  modeling,  carving  and 
beating  of  metals ;  free  hand  and  mechanical  drawings ; 
studying  of  general  subjects  necessary  for  the  study  of  the 
rudiments  of  abstract  and  applied  sciences,  especially  mathe¬ 
matics  ;  studying  of  the  rudiments  of  abstract  and  applied 
sciences  ;  English,  German  and  French,  to  enable  them  to  read 
technical  books  ;  book  and  cost  keeping. 

The  work  and  studies  for  each  year  must  be  well  propor¬ 
tioned  and  rounded  off  as  a  whole  for  each  course  ;  students 
must  not  be  permitted  to  choose  studies,  only  courses,  and 
students  must  not  be  permitted  to  spend  more  than  one  year 
on  each  year’s  course,  only  re-examination  permitted  in  the  fol¬ 
lowing  fall  for  those  who  fail  to  pass  in  the  spring.  This 
sifting  process  will  insure  only  fully  qualified  graduates. 

Positions — Good  mechanics  and  artisans,  foremen  and 
sub-superintendents,  stationary  and- locomotive  engineers  and 
kindred  positions. 

Polytechnic  Schools  : 

Entrance  Age — IT  years. 

Entrance  Examination — Graduation  from  the  trade  school 
or  its  equivalent;  say,  requirements  for  entrance  to  high  school 
plus  perfect  English,  German  and  French  sufficient  to  trans¬ 
late  technical  works  off  hand  ;  free  hand  and  mechanical 
drawings  ;  rudiments  of  abstract  and  applied  sciences  ;  book 
and  cost  keeping.  Must  take  manual  training  for  at  least  a 
year  in  trade  school  if  admitted  on  other  subjects  to  this 
school.  A  test  examination  should  be  arranged  for,  which,  as 
near  as  possible,  will  determine  if  applicant  will  make  an 
engineer;  say,  his  English  must  be  perfect  ;  drawing,  espe¬ 
cially  mechanical  construction  of  lettering,  must  come  natural 
without  teaching,  as  these  subjects  are  only  the  mechanical 
means  for  the  expression  of  the  thoughts  and  ideas  of  the 
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Course — 4  years,  with  another  year  for  post  graduates. 

Training — Complete  training  in  the  abstract  and  applied 
sciences  to  tit  them  for  independent  thoughts  and  actions  in 
the  economical  designing,  construction,  operation  and  manage¬ 
ment  of  any  industrial  plant,  works  or  property  in  any  of  the 
engineering  branches  ;  book  and  cost  keeping,  and  other 
studies  necessary  to  enable  them  to  estimate  costs  of  proposed 
enterprises  and  their  value  as  an  investment ;  experimenting 
and  testing  in  laboratories  of  various  kinds.  In  fact,  to  pre¬ 
pare  captains  of  industry  and  developers  of  industrial  enter¬ 
prises,  the  work  and  study  for  each  year  must  be  well  propor¬ 
tioned  and  rounded  otf  as  a  whole  for  each  course  ;  students 
must  not  be  permitted  to  choose  studies,  only  courses,  and 
students  must  not  be  permitted  to  spend  more  than  one  year 
on  each  year’s  course,  only  re-examination  in  the  following 
fall  for  those  who  fail  to  pass  in  the  spring  from  one  class  to 
another.  This  sifting  process  will  thus  insure  only  fully  quali¬ 
fied  graduates 

Posit iom\ — Draughtsmen,  Architects,  Engineers,  Superin¬ 
tendents,  Managers  and  Captains  of  Industry  and  kindred 
positions. 

The  kind  of  School  most  appropriate  for  this  community 
is,  in  my  judgment,  a  combination  of  both  the  trade  and  poly¬ 
technic  school,  considering  the  former  as  a  preparatory  school 
lor  the  latter,  as  every  engineer,  manager  and  captain  of  indus¬ 
try,  should  be  famil  ar  with  the  use  and  manipulation  of  tools 
and  all  details,  and  economical  execution  of  the  work  he  designs, 
plans,  orders  or  manages.  Further,  the  trade  or  preparatory 
school  should  be  the  medium  through  which  a  shifting  process 
is  conducted,  permitting  only  those  showing  special  fitness  to 
pursue  the  course  through  the  polytechnic  school  to  the  goal  of 
capable  Engineers. 

Under  this  system  it  is  my  belief  that  the  trades  in  Pitts¬ 
burgh  will  be  enriched  with  good  mechanics,  and  insure  only 
capable  engineers  and  managers  at  the  same  time,  through  the 
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medium  of  this  School,  made  possible  to  Pittsburgh  through 
the  geuerosity  of  its  greatest  citizen  and  beloved  benefactor. 

Mr.  P.  11.  Thomas — There  seems  to  be  a  great  deal  of 

© 

unanimity  in  the  opinion  that  we  ought  to  have  a  Combination 
School.  If  you  attempt  to  draw  a  distinction  between  the 
different  kinds  of  schools,  you  will  find  it  is  impossible  to  draw 
the  line  anywhere.  Manual  training  is  properly  part  of  the 
public  school  system.  The  problem  is  to  furnish  the  different 
degrees  of  theoretical  training.  This  can  be  given  more 
economically  under  one  head,  with  a  chance  to  develop  the 
school  according  to  the  experience  they  have  had  in  running  it. 
If  the  Polytechnic  Institute  should  cover  a  large;  field,  it  would 
be  more  satisfactory  than  to  start  in  with  one  branch  and  try 
to  cross  over  to  another  later  on.  The  matter  has  been  very 

«y 

carefully  worked  out  in  connection  with  the  Massachusetts 
Institute  of  Technology.  It  is  not  generally  known  that  the 
original  idea  was  three-fold  in  that  institution:  First,  the 
School  of  Technology;  Second,  School  of  Practical  Design; 
and  Third,  The  Society  of  Arts.  There  is  a  school  of  design; 
there  is  what  is  called  The  Society  of  Arts,  which  is  an  organi- 
zation  that  meets  and  reads  papers,  but  which  has  not  been 
developed  as  fully  as  was  intended.  One  reason  for  this  is 
that  the  School  of  Technology  covers  a  wide  range.  There  is 
one  course  which  is  almost  purely  theoretical;  there  are  other 
courses  which  are  very  thoroughly  practical.  It  would  seem 
to  me  it  would  indicate  that  to  be  a  favorable  line  to  start  on 
in  this  city.  Make  it  as  broad  as  possible,  and  let  experience 
and  time  develop  each  part  as  experience  seems  to  justify. 

Prof.  C.  B.  Connelley — Here  is  the  daily  program  of 

a  Manual  High  School.  The  reason  that  I  desire  to  read  this 

is  that  we  want  stress  laid  on  the  fact  that  we  need  good 

mechanics.  I  think  the  great  point  of  this  committee’s  work 

is  to'  get  something  to  fill  out  the  training  of  the  children  of 
©  ©  © 

this  community. 
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A  DAILY  PROGRAM  OF  A  MANUAL  TRAINING 

HIGH  SCHOOL. 


The  school  time  of  the  pupil  is  about  equally  divided 
between  manual  and  mental  exercises.  The  daily  sessions  begin 
at  9  A.  M.  and  close  at  4  P.  M.,  one  hour  being  allowed  for 
lunch.  Each  pupil  has  daily  three  recitations,  one  hour  for 
drawing  and  penmanship,  and  two  hours  for  shop-practice, 
covering  three  years. 

1st.  A  course  of  pure  mathematics,  including  arithmetic, 
algebra,  geometry  and  plain  trigonometry. 

2d.  A  course  in  science  and  applied  mathematics,  includ¬ 
ing  physical  geography,  botany,  natural  philosophy,  electric¬ 
ity,  chemistry,  mechanics,  mensuration,  book  keeping  and 
stenography. 

3d.  A  course  in  language  and  literature,  including 
English  grammar,  spelling,  composition,  literature,  history 
and  the  elements  of  political  science  and  economy.  German 
and  French  are  introduced  as  electives  with  English  or  science. 

4th.  A  course  in  penmanship,  free-hand  and  mechanical 
drawing. 


5th.  A  course  of  tool  instruction,  including  carpentry, 
wood-turning,  pattern-making,  moulding,  brazing,  soldering, 
forging  and  bench  and  machine  work  in  metals. 

Students  have  no  option  or  election  as  to  particular  studies, 
except  as  regards  German  and  French;  each  must  conform  to 
the  course  laid  down,  and  take  every  branch  in  its  order. 

We  will  have  to  have  something  higher  than  a  manual 
training  school.  Few  people  speaking  of  a  technical  training  can 
define  the  difference  between  a  polytechnic  school  and  a  manual 
training  school.  The  following  will  give  you  a  good  idea  as  to 
what  some  of  the  committee  thought.  We  meant  to  have 

C 

another  meeting  for  further  discussion. 

The  function  of  a  trade  school  to  teach  a  trade,  like 
plumbing,  plastering,  bricklaying,  etc.  The  requirments  foi 


64  ENGINEERS’  SOCIETY  OF  WESTERN  PENNSYLVANIA. 

admission  are  naturally  limited  to  what  is  necessary  to  make 
the  course  intelligible. 

The  function  of  a  manual  training  school  is  almost  purely 
educational,  and  the  requirements  for  admission  may  be  those 
appropriate  to  the  age  for  admission  of  a  pupil  or  the  grade  of 
the  public  school  which  he  has  attended. 

The  held  of  a  polytechnic  is  large,  but  not  distinctly  de¬ 
fined  as  yet.  It  should  be  a  school  giving  instruction  in  the 
applied  sciences  and  in  the  industrial  arts.  It  should  not,  like 
the  engineering  schools,  prepare  students  for  the  profession 
of  civil,  mechanical  or  electrical  engineers  and  grant  them 
degrees.  It  should  take  up  the  iron  and  steel  industry 
and  teach  the  machine  design,  the  chemistry  and  the  math¬ 
ematics,  together  with  the  practice  of  steel  making,  glass 
making,  oil  refining,  and  leather  making  and  every  other 
important  industry.  The  instruction  should  be  closely  con¬ 
fined  to  the  purpose  of  making  competent  workmen,  foremen 
and  managers  of  our  various  industries.  The  requirements 
for  admission  will  probablv  be  satisfied  with  the  training 
given  in  the  ordinary  grammar  school  ;  like  the  trade  school 
the  courses  of  instruction  may  need  day  and  night,  in  order  to 
reach  the  young  men  to  be  helped.  The  courses  may  be  one, 
two  or  three  years  in  length  to  suit  the  industry .  If  such  a 
school  could  be  established,  we  would  have  an  institution  filling 
a  distinct  and  fertile  field  in  which  not  only  Pittsburg  but  the 
whole  country  is  vitally  concerned,  and  Mr.  Carnegie  unless 
diverted  from  his  apparent  purpose  will  be  the  means  of  doing 
our  industries  a  vast  amount  of  good. 

Mr.  C.  B.  Albree — In  the  little  paper  that  I  prepared 
I  intended  to  convey  the  impression  that  a  trade  school  should 
be  established.  I  think  I  did  convey  that  impression  although 
Mr.  Wilkins  couldn’t  see  it  that  way.  I  described  what  a 
school  of  technology  is  expected  to  do.  A  great  many  who  did 
not  come  up  to  that  standard  could  learn  the  mechanical  arts 
and  afterwards  go  into  a  high  grade  engineering  school.  That 
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would  make  our  engineers  a  higher  grade  than  they  are  now. 
The  workmen  to-day  have  very  little  chance.  Being  in  small 
works  I  come  into  closer  contact  with  the  men  than  you  wyuld 
in  the  larger  works  of  the  city.  In  a  little  shop  employing 
fifty  or  sixty  men  you  become  more  intimately  acquainted  with 
the  men,  and  I  have  heard  them  sav  they  never  had  a  chance  to 
learn  their  business — they  just  had  to  pick  it  up.  The  trouble 
I  find  is  to  get  good  workmen.  My  idea  is  that  Mr.  Carnegie 
wishes  to  benefit  the  largest  number  of  people.  Now  I  don't 
want  to  be  understood  as  saying  that  engineers  are  not  work¬ 
ing  people,  for  we  all  know  it  is  the  hardest  kind  of  work  ; 
but  I  do  say  that  there  are  in  this  country  a  very  great  mini- 
her  of  good  engineering  schools,  where  a  man  can  get  a  thor- 
ough  education,  but  there  are  very  few  for  the  masses.  The 
demand  for  engineers  is  small.  One  engineer  is  sufficient  for 
forty  or  more  men  in  the  ordinary  works.  Probably  there 
would  be  200  engineers  in  the  Westinghouse  works  where  there 
would  be  3,000  workmen.  Those  are  the  men  1  think  ought 
to  be  benefitted.  This  is  the  reason  I  think  a  trade  school 
desirable  to  give  them  a  knowledge  of  mechanics,  draft- 
ing,  etc.  I  don’t  think  we  need  a  high  training  school.  What 

O  7  o  o 

we  need  is  an  essentially  good  trade  school. 

Mr.  Emil  Swensson — In  regard  to  the  remarks  made  bv 
Mr.  Albree,  I  do  not  think  we  would  ever  make  mechanics 
through  Mr.  Scott’s  class  of  schools  No.  V.  If  the  youths 
are  given  that  much  schooling  they  will  not  follow  any  trade, 
but  would  want  to  go  beyond  that  point.  I  believe  it  is 
better  to  reach  those  already  mechanics  through  an  appren¬ 
ticeship  through  class  No.  VI.,  and  thereby  further  develop 
those  capable  of  development. 

Mr.  II.  W.  Fisher — I  would  call  on  Mr.  Bole  to  give  us 
a  few  words  on  the  subject. 

Mr.  W.  A,  Bole — Mr.  President,  I  did  not  prepare  my¬ 
self  to  say  anything  on  the  subject.  This  is  probably  the 
most  important  topic  that  has  ever  been  presented  for  the  con- 
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sideration  of  this  Society.  I  think  it  is  a  subject  that  is  of 
the  greatest  interest  to  every  one. 

•  The  average  boy  of  fourteen  or  fifteen  years  of  age  is,  I 
think,  chucked  into  business  life  in  most  cases,  for  when  it 
comes  to  a  selection  of  work  he  does  not  know  how  to  make  a  se¬ 
lection.  He  wants  a  job  and  does  not  care  what  sort  of  a  job 
it  is.  I  speak  of  the  boy  of  the  masses.  It  doesn’t  make  much 
difference  to  him  as  long  as  he  gets  something  that  will  pay  him 
wages.  It  may  be  a  job  in  a  foundry,  a  machine  shop,  or  driv- 
inga  meat  wagon,  just  as  chance  offers.  It  occurs  to  me  that  this 
manual  training  school  idea  is  one  of  the  best  things  that  could 
be  presented  to  us  at  this  time.  If  the  boy  in  school  could 
have  the  opportunity  of  handling  tools,  driving  nails,  sawing 
boards,  working  in  iron  and  such  things,  it  would  be  of  very 
great  value  to  him  as  an  individual  as  well  as  to  societv  at 
large,  of  which  he  is  a  member.  He  would  then  be  able  to  make 
up  his  mind  as  to  what  he  is  fitted  for.  If  he  is  fitted  for  wood 
carving  he  would  not  want  a  job  in  a  meat  shop. 

If  vou  ask  the  average  boy  what  he  would  like  to  work 
at  when  grown  up,  he  would  probably  stick  his  finger  in  his 
mouth  and  couldn't  tell  you,  because  he  has  had  nothing  to  direct 
him.  He  just  waits  for  something  to  turn  up,  so  to  speak. 

I  believe  this  Manual  Training  School  introduced  as  a 
part  of  every  child’s  education  would  be  a  splendid  thing  for 
him.  There  used  to  be  in  the  older  countries  a  custom  of  train¬ 
ing  apprentices.  The  apprentice  even  took  up  his  abode  and 
made  his  home  with  the  person  under  whom  he  was  serving  his 
apprenticeship.  The  apprentices  were  not  paid  wages,  and 
in  many  cases  their  parents  paid  premiums  to  have  them  taught 
the  trades. 

In  this  country  the  methods  are  possibly  due  to  the  fact 
that  we  are  in  such  haste  to  get  rich. 

If  a  man  could  start  un  an  industrv  and  get  rich  at  it,  he 
did  not  care  what  his  successors  did  ;  they  could  take  care  of 
themselves  the  best  way  they  were  able.  As  a  consequence,  the 
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training  oi‘  hoys  and  the  making  of  good  mechanics  of  them 
has  received  very  little  attention.  We  hire  a  fellow  and 
put  him  to  work.  The  first  thing  he  usually  does  is  common 
labor.  Very  little  time  is  given  to  his  instruction,  and  in  many 
instances  his  overseer  does  not  know  how  to  teach  him.  The 
present  tendency  is  to  keep  him  at  one  job.  After  awhile 
he  becomes  contented  with  that.  As  a  consequence  he  becomes 
a  specialist. 

A  good  many  factories  do  not  even  pretend  to  hire  ap¬ 
prentices.  They  start  him  to  work  at  a  machine,  and  he  is  not 
much  more  than  a  cog  or  a  belt.  There  is  no  time  spent  to 
educate  such  men.  Such  employers  think  that  what  we  want 
to-day  is  to  so  perfect  machinery  that  a  wooden  man  can  do 
the  work,  and  in  that  way  we  become  independent  of  high- 
priced  labor.  You  can  take  a  green  country  boy  or  a  foreigner 
just  landed,  and  he  can  be  taught  one  thing  alone,  such  as  to 
bore  cylinders,  and  be  paid  a  rate  of  wages  which  would  satisfy 
him  for  the  balance  of  his  natural  life.  That  is  the  highest 
type  of  manufacturing,  but  it  is  a  very  low  type  of  education. 

However,  there  is  a  call  in  manufacturing  establishments 
for  a  better  class  of  men  than  is  now  available  to  till  positions 
which  graduates  of  technology  schools  do  not  fill  very  satis¬ 
factorily,  such  positions  as  Inspectors,  foremen  and  overseers: 

I  think  that  a  Manual  Training  School  would  lend  dignity 
to  labor.  If  boys  could  see  that  the  ability  to  do  work  well, 
was  going  to  enable  them  not  only  to  clothe  themselves  but  also 
to  make  themselves  more  useful  to  the  community,  they 
would  be  more  likely  to  seek  industrial  occupations  than  hunt 
up  jobs  at  far  less  manly  work,  and  if  Mr.  Carnegie  shall  ex¬ 
tend  such  opportunity  of  training  to  the  masses  of  people,  I 
think  it  would  do  the  most  good. 

I  think  there  is  no  particular  virtue  in  Mr.  Carnegie  es¬ 
tablishing  a  scientific  school  of  a  very  high  order,  and  only 
reaching  a  few  people,  when  he  might  reach  thousands,  and 
give  them  the  uplift  and  the  benefit  which  heretofore  has  been 
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denied  them.  It  seems  to  me  that  schools  which  would  make 
better  mechanics  and  a  higher  grade  of  artisan  workmen, 
would  be  more  useful  than  another  school  to  grind  out  Mechani- 
cal  Engineers  and  Civil  Engineers.  I  believe  we  should  call 

O  e? 

the  attention  of  Mr.  Carnegie  to  the  fact  that  it  would  be  bet¬ 
ter  to  carry  out  this  idea,  rather  than  to  establish  a  school  of 

a  very  high  order. 

*  © 

Mr.  Schellenberg — All  the  members  of  the  Society  are 
invited  to  send  to  the  Secretary  written  communications  upon 
the  subject  of  Technical  Education ,  in  furtherance  of  the  dis¬ 
cussion,  as  stated  at  this  meeting. 

On  motion  the  Society  adjourned  at  11  P.  M. 

Charles  W.  Ridinger, 

Secretary. 


MEETING  OF  THE  CHEMICAL  SECTION. 


69 


MEETING  OF  THE  CHEMICAL  SECTION. 


Pittsburg,  Pa.,  February  14th,  1901. 

The  regular  meeting  of  the  Chemical  Section  was  held  in 

O  CT 

the  rooms  of  the  Society,  Chairman  A.  G.  McKenna  pre¬ 
siding. 

The  minutes  of  the  annual  meeting  and  of  the  last 
regular  meeting  were  read  and  approved. 

The  Secretary  was  instructed  to  remind  Mr.  W.  E.  Koch 
by  letter,  of  his  offer  to  donate  a  set  of  Oswald’s  works  to 
the  Section. 

A  number  of  interesting  facts  regarding  water  stills  were 
next  presented.  Mr.  J.  O.  Hardy  described  a  simple  form 
for  household  use. 

A  drawing  of  a  still  for  the  continuous  production  of 
distilled  water  was  shown  by  Mr.  J.  M.  Camp. 

The  Chairman  described  a  sketch  of  a  still  where  the 
steam  came  in  contact  with  a  cooled  surface  in  the  upper  part 
of  the  apparatus  and  condensed,  passing  out  at  the  side. 
A  tube  extending  from  the  reservoir  of  water  for  condensing 
the  steam  allowed  constant  additions  of  warm  water  to  pass 
into  the  body  of  the  still  by  means  of  a  valve  at  its  lower 
end  which  regulated  the  supply  automatically. 

Prof.  F.  C.  Phillips  stated  some  experiences  with  the 
class  of  reactions  in  which  the  presence  of  a  metal  easily 
precipitated  induces  the  precipitation  of  another  metal  not 
acting  as  such.  Thus,  a  precipitate  of  calcium  and  borium 
chromates  can  be  obtained,  although  a  precipitate  of  calcium 
chromate  is  not  thrown  down  by  potassium  chromate  from  a 
solution  of  a  calcium  salt. 
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Experiments  were  conducted  with  a  view  to  finding  a 
method  for  the  separation  of  palladium  from  platinum  and 
other  rare  metals.  A  current  of  carbon  monoxide  (which 
precipitates  palladium,  but  not  platinum),  was  passed  through 
a  solution  of  these  metals,  and  instead  of  obtaining  metallic 
palladium  alone,  both  metals  were  precipitated. 

Several  other  experiments  were  made  in  this  direction, 
and  the  same  result  obtained,  except  in  the  case  of  rhodium 
and  gold,  when  no  precipitation  of  either  metal  occurred. 

The  meeting  adjourned  at  10  o’clock. 

A.  Gross, 

Secretary  C.  S. 
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THIS  SOCIETY  DOES  NOT  HOLD  ITSELF  RESPONSIBLE  FOR  THE  OPINIONS  OF  ITS  MEMBERS 


The  two  hundred  and  thirteenth  regular  monthly  meeting 
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of  the  Engineers’  Society  of  Western  Pennsylvania  was  held 
in  a  Lecture  Room  of  the  Society's  House,  410  Penn  Avenue, 
Pittsburgh,  Pa.,  Tuesday  evening,  March  10,  1001,  the  Presi¬ 
dent,  II.  W.  Fisher,  being  in  the  chair,  and  sixty-four  mem¬ 
bers  and  visitors  present. 

The  meeting  was  called  to  order  at  8:35  o'clock. 

The  minutes  of  the  preceding  meeting  were  read  and 
approved. 

For  the  Board  of  Direction  the  following  applicants  were 
reported  as  passed,  and  to  be  voted  for  at  the  next  regular 
meeting  : 


THOMAS  REATH  BROWN,  - 

WILLIAM  M.  DAVIS, 

R.  GUY  FOSTER, 

L.  F.  E.  HILDXER,  - 

HARRY  S.  HUNTER, 

DAYII)  MAXWELL,  - 


Manager, 

With  Westinghouse  Air  Brake  Co., 
Wilmerding,  Pa. 

Traveling  Engineer, 

With  Lubricating  Dep’t,  Atlantic 
Refining  Co.,  Pittsburg,  Pa. 

Structural  Draughtsman, 

814  Wood  Street,  Wilkinsburg,  Pa. 

Structural  1  )raughtsman, 

With  Riter-( 'onlev  Manufacturing 
Co.,  941  California  Avenue,  Alle¬ 
gheny,  1’a. 

Manager, 

Pittsburgh  Office,  Pneumatic  Tool 
Co.,  101<»  Carnegie  Building.,  Pitts¬ 
burg,  Pa. 

I  fraughtsman, 

Riter-Conley  Mfg.  Co.,  All’v,  Pa. 
204  North  Avenue,  Allegheny,  Pa. 
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.i  icss e  c.  McDowell, 

ASA  M.  MATT  ICE,  - 

II.  W.  MYER,  - 

J.  II.  NICHOLSON,  - 

ANDREW  PINKERTEN,  - 

HARRY  HOWARD  RANKIN,  - 

EDWARD  POWER  VAN  KIRK, 


Vice-President  and  General  Manager, 
Philadelphia  Co.,  435  Sixth  Avenue, 
Pittsburgh,  Pa. 

Engineer, 

With  Westinghouse  Electric  &  Man¬ 
ufacturing  Co.,  P  O.  Box  911,  Pitts¬ 
burgh,  Pa. 

Mining  Engineer, 

With  Engineer  Dep’t,  Pittsburgh 
Coal  Co.,  232  Fifth  Avenue,  Pitts¬ 
burgh,  Pa. 

With  National  Tube  Co.,  Seamless 
Tube  Dep’t,  Room  69,  Conestoga 
Building,  Pittsburgh,  Pa. 

Electrical  Engineer, 

American  Sheet  Steel  Co.,  Yander- 
grift,  Pa. 

Civil  Engineer, 

Duquesne  Steel  Works,  Carnegie 
Steel  Co.,  827  South  Negley  Avenue, 
Pittsburgh,  Pa. 

Electrical  Engineer, 

Elizabeth,  Pa. 


The  following  gentlemen  were  balloted  for  and  duly 
elected  to  membership  : 


GEO.  AY.  GROOME,  - 

ROGER  I).  BOWMAN, 

I).  A.  II EIK EL,  - 


JOHN  McGINLEY,  - 

WILLIBALD  TRINKS, 


Mechanical  Engineer, 

AYith  Specialty  Mfg.  Co.,  17  Hazel 
Street,  Sewickley,  Pa. 

Superintendent, 

Finishing  Dep’t,  Duquesne  Steel 
Works,  Duquesne,  Pa. 

Engineer, 

Partner  with  C.  H.  Bradley,  Jr.,  of 
C.  H.  Bradley,  Jr.,  &  Co.,  58  Yan- 
dergrift  Building,  Pittsburgh,  Pa. 

Superintendent, 

Open  Hearth  Dep’t,  Allegheny  Steel 
A  Iron  Co.,  Avenue  Station,  Pa. 

Mechanical  Engineer, 

AVestinghouse  Machine  Co.,  East 
Pittsburgh,  Pa. 
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Mk.  II.  W.  Fisher — Has  t lie  Committee  on  Technical 
Schools  anything  to  report  ? 

Mr.  Schellenberg — I  would  sav  that  the  committee  is 

%! 

quite  alive,  hilt  that  the  Proceedings  have  not  yet  been  pub¬ 
lished  containing  our  report. 

For  the  Piogramme  Committee  Mr.  J.  M.  (  amp  reported 
that  he  had  just  received  word  that  the  gentleman  who  is  on 
the  list  for  the  next  meeting  is  too  busy  to  give  us  a  paper, 
and  if  there  is  anybody  here  who  would  help  us  out  in  the 
matter  we  would  be  greatly  obliged.  The  Programme  Com- 

c j  o 

mittee  recognizes  the  fact  that  they  have  some  work  to  do,  and 

they  want  the  assistance  of  every  member  of  the  Society. 

•/  •  %/ 

Mr.  C.  B.  Albree — There  is  a  matter  which  has  been 
brought  to  the  attention  of  the  Board  of  Direction,  which  the 
President  asked  me  to  mention  to-night — that  is,  in  regard  to 
the  expense  of  the  printing  of  our  Proceedings.  We  have  had 
an  offer,  from  an  advertising  agency  in  the  citv,  to  take 
entire  charge  of  the  advertisements  of  our  paper,  and  they  to 
publish  the  paper  for  us  ;  but  it  is  the  opinion  of  the  Board 
that  it  would  be  better  for  the  Society  to  keep  the  paper  in  it> 
own  hands.  We  want  to  have  a  journal  that  will  be  a  credit 
to  the  Society.  The  Society  is  growing  very  rapidly,  as  you 
will  see  by  the  lists  of  new  members  read  out  during  the  last 
year  ;  and  if  the  advertising  agency  sees  money  in  the  thing  it 
must  be  there,  for  they  would  not  make  us  an  offer  unless 
there  was  something  in  it.  The  Board  thought  it  would  be  a 

V _ 7 

good  thing  for  each  member  of  the  Society  to  arrange  to  get 
an  advertisement  for  the  Proceedings.  It  will  not  only  be  a 
very  good  thing  for  the  Society,  in  helping  it  in  its  expenses, 
but,  I  think,  it  will  undoubtedly  be  a  good  thing  for  the 
advertisers.  I  find  that  it  paid  me  very  well.  I  hope  each 
one  will  use  his  influence  in  trying  to  secure  an  advertisement 
for  the  paper. 

Mr.  II.  W.  Fisher — We  realize  about  two  or  three  hun¬ 
dred  dollars  from  our  advertisements.  It  cost>  about  nine 
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hundred  dollars  to  publish  our  Proceedings,  so  there  is  a 
difference  of  about  six  hundred  dollars.  We  could  give  the 
publishing  of  the  Proceedings  to  this  agent,  and  there  would 
be  a  savins:  of  about  six  hundred  dollars.  For  this  year  he 
will  publish  the  Proceedings,  if  we  want  it,  and  not  charge  us 
anything  ;  but,  if  he  can  make  anything  out  of  it,  Ave  as  indi- 
viduals  can  work  it,  so  that  it  will  mean  a  great  deal  more  than 
six  hundred  dollars,  and  we  will  still  have  the  Proceedings  in 
our  own  hands.  Let  us  see,  for  the  next  month  or  so,  if  we 
cannot  increase  the  receipts  for  advertising. 

Next  in  order  was  the  paper  of  the  evening  by  Professor 
S.  M.  Kintner,  Professor  of  Electrical  Engineering  at 

1  O  O 

Western  University  of  Pennsylvania,  entitled  “Wireless  Teleg- 
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BY  S.  M.  K1XTNER. 


If  any  one  here  has  come  with  the  expectation  of  receiving 
a  message  from  Mars,  he  is  doomed  to  disappointment,  for 
this  apparatus  is  not  that  kind. 

So  much  has  been  written  in  the  daily  press  of  the  mar¬ 
velous  things  being  done  by  wireless  telegraphy  that  it  may 
not  be  amiss  at  this  time  to  try  and  point  out  to  you  what  it 
really  is. 

In  the  preparation  of  a  paper  of  this  ‘kind,  to  be  read 
before  a  society  embracing  all  the  engineering  divisions,  it  has 
been  necessary  to  present  some  matter  that  may,  to  some  of 
you,  appear  very  elementary.  To  these  1  ask  their  forbear¬ 
ance,  as  it  seems  better  to  err  on  that  side  than  to  build  on  the 
assumption  of  perfect  familiarity  with  these  things  by  all. 

Wireless  telegraphy  can  be  classified  under  three  heads — 
conduction,  induction  and  radiation.  As  to  which  is  the  most 
important  the  developments  of  the  future  alone  can  tell.  The 
radiation  form  is  undoubtedly  the  most  interesting. 

The  conduction  form  will  be  described  first,  not  because  it 
is  first  chronologically,  for  there  is  some  doubt  of  that,  but 
because  one  of  them  has  to  be  first,  and  this  one  could  have 
been,  as  the  laws  governing  it  have  been  known  for  a  greater 
length  of  time.  It  depends  on  the  simple  principle  of  the 
divided  circuit,  in  which  if  two  or  more  paths  be  ottered  the 
current  will  divide  inversely  as  the  resistance  of  the  respective 
paths.  Prof.  Morse  in  1842  was  probably  the  first  to  apply 
this  principle  to  the  sending  of  signals  without  a  metallic  con¬ 
ductor  connecting  the  two  stations.  The  following  diagram  of 
connections  shows  his  plan  (Figure  1)  : 
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Where  B  is  a  battery,  or  source  of  electric  energy  ;  Iv,  a 
key  for  interrupting  and  making  the  circuit  to  send  the  sig¬ 
nals  ;  L,  L,  the  insulated  connecting  line  joining  plates  P,  P, 
which  are  buried  in  the  water  a  mile  or  two  apart.  This  com¬ 
pletes  the  sending  station  equipment.  The  receiving  station  is 
provided  with  two  similar  plates,  P',  P',  and  connecting  lines, 
L  ,  L  ,  and  some  form  of  detector  of  feeble  currents,  such  as 
a  galvanometer,  connected  as  shown  at  G.  Prof.  Morse  used 

this  successful lv  for  a  distance  of  half  a  mile,  and  it  has  been 

«/  / 


used  bv  others  for  distances  of  three  miles.  The  distance  can 
«✓ 

be  increased  by  lengthening  the  base  line.  Some  one  has  even 
suggested  a  trans- Atlantic  system  by  having  the  American 
base  line  terminate  in  Newfoundland  and  Brazil,  and  the  other 
in  Scotland  and  the  north  coast  of  Africa.  Any  one  can  see 
at  a  glance  what  a  paying  investment  such  a  system  would  be. 

In  an  experiment  some  of  my  students  were  making  some 
weeks  ago  they  had  occasion  to  connect  two  lightning  rods 
through  a  milli-voltmeter,  and  were  surprised  to  see  the  needle 
move  as  regularly  as  though  it  had  a  ymlse  beating.  They 
readily  traced  the  cause  to  the  Observatory  time  service,  which 
has  a  ground  return. 

4 _ / 

Abbe  Michel,  in  1894,  suggested  a  modification  of  the 
preceding  by  an  attempt  to  use  different  strata  of  the  earth’s 
surface  as  conductors.  This  diagram  will  show  the  method  of 
working  such  a  system  (Figure  2)  : 
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A,  B  and  C  represent  three  different  strata  of  earth, 
shown  in  section,  in  which  A  and  C  are  of  much  superior  con¬ 
ductivity  to  I».  A  hole  is  sunk  at  each  station  and  t fie  instiu- 
ments  are  connected  as  indicated,  where  B  is  a  battery;  K  a 
key  or  switch;  P,  P'  are  sinker  weights;  and  (i  a  current 
detector.  The  arrows  indicate  the  direction  of  current  flow  at 
any  instant. 

This  system  for  some  purposes  could  doubtless  be  used  to 
advantage,  not,  however,  near  any  cities  having  street  cars 
with  ground  return. 

C 

_  i 

The  daily  papers  contained  a  notice,  several  days  ago,  of 
this  same  system,  except  it  was  to  be  used  for  telephony. 

Under  the  second  heading — induction — the  Faradav  lines 
of  force  are  to  be  constantly  in  mind.  Prof.  Joseph  llenery, 
of  Princeton,  when  making  his  celebrated  experiments  in  mag¬ 
netic  induction,  found  that  when  he  made,  or  broke  a  circuit 
in  a  large  coil  of  wire,  he  could  get  a  shock  in  a  second  coil 
parallel  to  the  first,  even  at  a  distance  of  seven  feet,  with  a 
door  intervening.  The  lack  of  sensitiveness  of  his  detecting 
instrument — his  tongue — prevented  his  going  any  further 

C  1  o  o  » 

away. 

With  the  invention  of  the  telephone,  which  is  very  sensi¬ 
tive  to  such  disturbances,  this  method  has  been  utilized  for 
much  greater  distances.  You  are  all,  doubtless,  familiar  with 


the  telephone  induction  troubles,  and  have  heard  street  car 
motors  starting,  and  all  kinds  of  peculiar  sounds  that  can  be 
placed  to  the  account  of  magnetic  induction.  Thanks  to  the 
metallic  return  circuits,  these  effects  are  now  practically  elim¬ 
inated. 

Mr.  W.  II.  P  reece,  the  chief  of  the  English  telephone 
and  telegra  Ph  system,  has  devised  a  system  of  so-called  wire¬ 
less  telegraphy,  based  on  magnetic  induction.  In  a  series  of 
experiments  carried  out  by  him  in  South  Wales,  several  years 
ago,  his  apparatus  was  arranged  as  indicated  in  Figure  3: 


Fig.  3. 


C,  C'  are  sending  and  receiving  coils  respectively,  each 
consisting  of  many  turns  of  wire  laid  out  as  in  a  rectangle  a 
quarter  mile  square.  B  is  a  battery,  or,  more  generally,  a 
dynamo  ;  K,  a  switch,  and  G,  a  galvanometer,  or  telephone, 
as  a  receiving  instrument.  On  closing  the  circuit  in  coil,  C,  it 
would  instantly  be  surrounded  by  lines  of  force,  f,  and  some 
of  these  would  spread  out  far  enough  to  enclose  coil,  (  '.  At 
the  instant  of  their  passage  through  C'  a  momentary  electro 
motive  force,  proportional  to  the  rate  at  which  the  number  of 
lines  were  threading  through,  would  cause  a  current  to  pass 
through  the  detector,  and  thus  announce  their  arrival.  The 
same  action,  only  in  a  reverse  direction,  would  take  place 
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when  the  circuit  C  was  opened.  Preece  used  a  form  of 
interrupter  which  gave  an  alternating  current  in  the  receiver. 
The  limitations  of  such  a  system  are  obviously  very  soon 
reached,  and  it  cannot  compete  with  the  later  forms  for  dis¬ 
tances  exceeding  ten  miles. 

Prof.  Lodge  took  the  trouble  to  calculate  the  size  of  coils 
and  the  power  that  would  be  required  to  transmit  messages 
from  England  to  New  York  by  this  means,  and  he  found  that 
under  the  most  favorable  conditions  these  coils  would  have  to 
be  of  sufficient  size  to  surround  the  whole  of  England  as  one 

v_7 

station  and  New  York  State  as  the  other. 

Several  systems  of  telegraphing  to  and  from  moving  trains 
have  been  devised,  depending  on  electro  magnetic  induction. 
These  are  generally  arranged  by  having  a  wire  over  the  track 
and  one  along  the  top  of  the  car,  parallel  to  the  overhead  wire. 
By  using  a  telephone  in  the  receiving  circuit,  signals  of  the 
ordinary  telegraph  can  be  heard  without  trouble.  In  order  to 
send  signals  ./Pott*  the  train,  a  coil  of  several  turns  is  run  around 
the  top  of  the  car  and  the  circuit  worked  just  the  same  a>  an 
ordinary  circuit,  so  far  as  the  sending  operator  is  concerned. 

Other  systems  have  been  worked  successfully  bv  electro 
static  induction.  However,  there  seems  to  be  no  demand  for 
such,  most  men  being  glad  to  get  on  a  train  feeling  that  they 
are  out  of  reach  of  the  telephone  and  telegraph. 

Under  the  third  and  last  heading — radiation — the  electric 
wave  moving  through  space  with  no  directing  metallic  con¬ 
ductor  is  the  central  idea  of  the  system. 

•/ 

In  order  to  examine  a  few  of  the  simple  wave  relations,  it 
may  prove  instructive  to  use  a  model.  You  have  all,  doubtless, 
noticed  the  wave  that  will  travel  along  a  rope  if  it  is  fastened 
at  one  end  and  suddenly  jerked  at  the  other,  with  a  whip-like 
motion.  By  jerking  at  regular  intervals  the  wave  impulses 
sent  out  will  meet  those  coming  back  which  have  been  reflected 
from  the  other  end,  and  the  result  will  be  stationary  waves, 
having  nodes  where  there  is  perfect  neutralization,  and  anti- 
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nodes,  or  loops,  where  the  effects  are  additive.  The  node 
forms  where  a  crest  and  a  trough  meet,  and  the  anti-nodes 
where  two  crests  or  two  troughs  meet. 

If,  instead  of  the  rope  in  the  hand,  a  motor  with  a  cord 
attached  to  a  slightly  eccentric  pin  be  used,  as  suggested  by 
Prof.  Moler,  of  Cornell,  these  waves  can  be  produced  with 
great  regularity.  On  starting  up  the  motor  one  large  loop  is 
formed,  but  as  the  speed  increases  the  loop  soon  breaks  up 
and  two  loops  are  formed.  Having  obtained  a  suitable  speed, 
very  perfect  nodes  are  produced,  and  the  wave  length  is  seen  at 
once,  the  distance  between  two  nodes  being  exactly  one-half  a 
wave.  The  node  can  be  clasped  in  the  hand  without  affecting 
any  of  the  waves  between  it  and  the  source ;  in  fact,  as  far  as 
it  is  concerned,  the  cord  might  as  well  end  there.  Bv  taking 
a  glass  rod  and  moving  slowly  along  from  a  node  toward  a 
loop  the  string  is  seen  to  vibrate  straight  up  and  down,  and  is 
said  to  be  plane  polarized.  By  turning  the  rod  through  an 
angle  the  plane  of  polarization  can  be  twisted  at  will.  If  an 
additional  rod  be  held  at  right  angles  to  the  lirst  it  causes  all 
wave  motion  to  vanish  between  it  and  the  support  end  of  the 
string.  Under  these  conditions  the  three  stages  are  seen  at 
once — the  ordinary  wave,  the  polarized  waA^e,  and  the  total 
extinction. 

If  a  body  is  subjected  to  elastic  constraint,  and  is  disturbed 
from  its  position  of  equilibrium,  it  will,  upon  being  released, 
return  to  its  position  of  rest.  The  method  of  its  return  will 
depend  upon  several  qualities.  If  it  possess  mass  it  will  have 
inertia,  and  this  may  carry  it  beyond  the  position  of  equili- 

4 

brium,  and  so  it  oscillates  back  and  forth  until  all  its  energy 
is  consumed  in  overcoming  the  resistance  of  its  oscillations.  It 
will  always  be  oscillatory  when  the  resistance  to  its  passage  is 

t ,  «/  1  v. 

small. 

The  Leyden  jar  is  the  electric  analogue  of  the  preceding, 
in  which  its  capacity  corresponds  to  the  potential  energy  of 
displacement,  or  elasticity,  and  the  self-induction  of  the  dis¬ 
charge  circuit  to  the  mass  of  the  oscillating  body. 

C  O  v 
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In  the  scientific  writings  of  Professor  Joseph  Henry, 
about  the  year  1842,  can  he  found  this  statement  in  shaking 
of  the  discharge  of  a  Leyden  jar  : 

“ The  discharge,  whatever  he  its  nature,  is  not  correctly 
represented  hy  a  single  transfer  of  imponderable  fluid  from 
one  side  of  the  jar  to  the  other.  The  phenomena  requires  u> 
to  admit  the  existence  of  a  principal  discharge  in  one  direction 
and  then  several  reflex  actions  backward  and  forward,  each 
more  feeble  than  the  preceding,  until  equilibrium  is  attained. 
All  the  facts  are  shown  to  be  in  accordance  with  this  hypoth¬ 
esis,  and  a  ready  explanation  is  afforded  by  it  of  a  number  of 
phenomena  which  are  to  be  found  in  the  older  works  on  elec¬ 
tricity,  but  which  have  until  this  time  remained  unexplained." 

One  of  the  principal  experiments  that  led  Henry  to  this 
conclusion  was  the  stratified  magnetization  of  needles  sub- 
jected  to  the  magnetizing  of  a  condenser  discharge.  Lord 
Kelvin  has  given  a  complete  explanation  of  the  phenomena  in 
a  paper  published  in  the  June  number  of  the  Philosophical 
Magazine,  1853,  on  “  Transient  Electric  Currents. lie  di>- 
cusses  the  equations  which  determine  the  current  at  any  instant 
when  the  condenser  or  Leyden  jar  is  discharged  through  a 
conductor.  The  discharging  conductor  will  have  self-induction 
and  a  constant  resistance.  lTpon  these  two  assumptions  the 
theory  is  built. 


Let  0  be  the  electro  static  capacity  of  a  jar,  R  the  ohmic 
resistance  and  L  the  constant  inductance  of  the  discharging 
conductor  ;  and  if  q  is  the  instantaneous  value  of  the  quantity 
in  the  jar;  v  the  electric  potential  difference  of  its  coating  at 
any  instant  of  time,  t  ;  the  following  relations  exist  from 
known  laws  : 


-  C  v 

=  (l(l 
d  t 

di 

dt 


T  .  ui 

Li  — 


by  definition  of  capacity, 
where  i  is  instantaneous  current. 

rate  of  storing  energy  in  magnetic  Held. 
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energy  stored  in  a  conden»er. 
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rate  of  decay  of  charge  of  condenser. 

energy  lost  in  heat.  (Joules*  law.) 

All  the  potential  energy  lost  by  the  condenser  is  used  in 
heating  the  conductors,  and  is  stored  in  the  magnetic  field. 
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This  gives  the  equation, 

Expressing  i  in  terms  of  q  and  simplifying,  we  have, 
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For  the  method  of  solving  this  equation  see  Bedell  and 
Crehore's  Alternating  Currents,  chapters  6  and  7. 

The  solution  of  the  equation  is  : 

|t,  /RC— x/R2C-— 4LC^t 

q  =  Cj  e  -T  C2  e 

Where  e  is  the  base  of  natural  logarithms,  C,  and  C,  are 

arbitrary  constants  of  integration. 

•  © 

This  equation  tells  us  that  the  charge  dies  down  logarith¬ 
mically,  and  reaches  the  position  of  zero  charge  after  an 
infinite  time.  Practically,  however,  it  reaches  a  value  so  near 
zero  in  a  fraction  of  a  second  that  the  rest  can  be  neglected. 
Looking  at  the  equation  again,  it  will  be  seen  that  if  I  L  C  is 
greater  than  IT  C’  the  expression  is  imaginary.  This  can  be 
made  to  assume  a  real  form  by  a  development  explained  quite 
fully  in  any  text  on  differential  equations,  under  the  heading, 
Linear  Equations,  Second  Order,  Imaginary  Hoots.  Without 
taking  the  time  of  developing  this  here,  we  will  take  the 
transformed  equation  at  once,  as  follows  : 

Rt 
2  L 


U  =  C.  e 


Sin  (- 


/  4  L  C  —  R2  C2 


2  l  e 
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(’  and  0  being  constants  to  be  determined  from  initial  condi- 

i  >~ 

tions.  This  equation  shows  plainly  that  the  discharge  dies 
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away  in  an  oscillatory  way,  the  successive  amplitudes  varying 
logarithmically.  An  analogy  to  this  condenser  discharge  K  a 
pendulum  which,  on  having  its  bob  moved  from  its  position  of 
rest,  swings  back  and  forth,  passing  the  zero  or  re>t  point. 
Now,  place  this  pendulum  in  a  heavy  oil,  and  it  will  not 
oscillate  on  being  disturbed,  but  will  come  back  to  the  point 
of  rest  and  stop. 

The  resistance  to  the  movement  of  the  pendulum  cor¬ 
responds  to  the  electric  resistance :  the  gravitational,  spring, 
or  whatever  restoring  force  is  used,  to  the  capacity,  and  the 
mass,  to  the  self-induction. 

The  frequency  of  the  oscillations  can  be  determined  by 


taking  the  quantity 


4  LG  —  K '  C* 
V  2  LC 


which  corresponds  to 


to  o)  (which  represents  angular  velocity  in  the  well-known 
sine  wave  equation)  and  equating  it  as  equal  to  If 
K  be  considered  zero  (it  is  very  small  in  comparison  to 
L  and  (’)  the  radical  expression  can  be  simplified,  and 


I 


2  |  j 

,  ,  —  ^  where  T  is  the  time  of  oscillation  then 

\/  L  C  T 


to 


we  get  T  =  2  1 1  L  0  an  expression,  in  terms  of  self- 
induction  L  and  capacity  for  the  time  of  one  complete 
oscillation. 

After  Kelvin  had  published  his  theory,  as  outlined  above, 
Fedderson,  bv  using  revolving  mirrors,  was  able  to  verify  it. 
On  observing  the  discharge  of  a  condenser  with  a  large  spark 
gap,  he  got  a  continuous  band  of  light,  which  indicated  a  con¬ 
tinuous  discharge  i  on  shortening  this  gap  he  finally  reached  a 
value  where  his  band  of  light  was  broken  up  into  a  series  of 
bright  and  dark  spots  alternating,  which  indicated  an  oscil¬ 
latory  discharge.  Other  experimenters,  using  this  and  other 
methods,  have  added  evidence  of  the  correctness  of  this  theory 
of  Kelvin's. 

Maxwell,  from  his  masterly  study  of  Faraday's  electro- 
magnetic  researches,  set  forth  the  electro-magnetic  theory 
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of  light.  This  theory  was  but  a  continuation  of  the  undo- 

CD 

latory  theory,  in  which  the  wave  motions  were  ascribed  to 
electro-magnetic  disturbances  in  the  luminiferous  ether.  The 
ether  he  supposed  to  be  an  incompressible  but  distortable  jelly- 
like  substance,  which  exists  everywhere  and  penetrates  into  the 
interior  of  material  bodies.  Maxwell  was  led  to  the  con¬ 
clusion  that  electric  and  electro-magnetic  actions  could  he 
explained  by  a  medium  of  this  kind,  possessing  certain  me¬ 
chanical  properties  and  capable  of  certain  internal  motions. 
To  avoid  the  assumption  of  the  existence  of  two  ethers,  one  for 
electric  effects  and  one  for  light,  he  considered  it  more  prob¬ 
able  that  the  one  ether  was  the  medium  for  transmitting  both 
kinds  of  energy.  In  the  light  of  later  experiments  this  seems 
to  be  perfectly  sound. 

One  of  his  most  important  conceptions  as  to  the  actions 
that  take  place  in  this  medium,  which  transfers  energy  as  elec¬ 
tricity,  was  that  known  as  displacement  currents  and  displace¬ 
ment  waves.  When  an  electro-static  force  acts  upon  any  part 
of  a  dielectric,  that  is  perfectly  uniform,  there  is  a  displace¬ 
ment  of  electricity  all  along  the  line.  The  actual  physical 
nature  of  this  displacement  we  do  not  know.  The  dielectric  is 
strained,  however,  under  this  stress,  and  on  the  removal  of  the 
force  it  is  restored  to  its  initial  condition.  While  this  dis¬ 
placement  is  taking  place  there  is  a  movement  of  electricity 
which  constitutes  a  transient  electric  current.  The  dielectric 
can  stand  but  a  slight  strain  at  most,  and  so  the  current  soon 
comes  to  rest.  But  if  it  be  of  an  oscillatory  nature  consider- 
able  energy  can  be  transmitted,  as  we  know  from  the  ease  with 
which  an  alternating  current  transmits  energy  through  a  con- 
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denser. 

Just  a  word  as  to  the  mechanism  of  a  medium  to  carry  on 
this  work.  Maxwell  imagines,  and  proves  mathematically, 
that  a  system  such  as  the  following  would  do  the  things  we 
know  as  electric  phenomena.  The  medium  for  transmission 
of  magnetic  force  he  considers  to  consist  of  a  great  number  of 
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small  cells,  spherical  in  their  normal  condition.  When  called 
upon  to  transmit  magnetic  force  they  are  set  in  rotation  with  a 
velocity  proportional  to  the  intensity  of  the  force,  the  direc¬ 
tion  of  rotation  being:  related  to  the  direction  of  force  in  the 
same  manner  as  the  twist  and  thrust  of  a  corkscrew. 

We  have,  then,  along  the  lines  of  force  these  molecular 
vortices,  as  Maxwell  calls  them,  tending:  hv  their  rotation  and 
centrifugal  force  to  flatten  along  the  lines  of  action  and  pro¬ 
duce  a  tension  and  spread  out  in  the  other  direction  perpen¬ 
dicular  to  this  axis.  In  order  to  account  for  the  rotation  of 
consecutive  rows  of  these  vortices  all  in  the  same  direction,  he 
supposed  a  number  of  very  small  spheres  to  be  held  elastically 
in  rolling  contact  with  the  vortices,  serving  the  purpose  of 

idlers.  These  idlers  constitute  electricity. 

%/ 

As  to  the  nature  of  a  wave,  imagine  several  rows  of  these 
vortices  with  their  electrical  particles  between  them.  Now, 
by  any  of  the  well-known  methods  of  producing  electric  dis¬ 
turbances,  assume  a  number  of  these  small  electric  spheres  to 
be  suddenly  jerked  ;  these  move  the  adjacent  vortices,  and 
they  in  turn  engage  with  the  adjacent  ones,  and  thus  energy  is 
transmitted  to  a  distance. 

The  above  is  a  crude  sketch  of  the  particular  points  of 
Maxwell's  theory  that  affect  the  subject  of  wireless  telegraphy. 
Maxwell’s  theory  was  proposed  in  1 8 1> 2 ,  and  many  at¬ 
tempts  were  made  to  get  some  experimental  proof  of  the  wave 
radiations. 

Dr.  Hertz,  in  1889,  discovered  a  detector  for  this  form  of 
radiation.  Like  most  of  the  great  discoveries  and  invention^, 

o 

there  were  others  very  near  the  same  end  at  die  same  time. 
Dr.  Oliver  Lodge,  in  Liverpool,  was  getting  results  which, 
Hertz  says,  would  undoubtedly  have  led  to  the  same  discovery. 

The  Hertz  detector  was  simply  a  wire  bent  in  a  circle, 
with  a  minute  air  gap,  and  it  showed  the  presence  of  electro¬ 
magnetic  waves  by  a  minute  spark  jumping  across  this  gap. 

An  attempt  will  be  made  to  repeat  some  of  Hertz's  ex- 
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periments  with  the  resonator,  as  he  called  his  detector.  How¬ 
ever,  but  a  few  of  the  many  interesting  ones  will  be  attempted, 
partly  because  of  the  limited  time,  and  again  because  of  the 
great  difficulty  of  performing  such  experiments  under  the  con¬ 
ditions  that  exist.  We  might  well  compare  our  conditions 
here  to  those  that  would  exist  in  trying  to  perform  delicate 
light  experiments  in  a  room  full  of  mirrors. 

There  are  many  seemingly  unimportant  variations  of  the 
oscillator  that  prevent  good  working  conditions.  Any  small 
points  on  the  side  of  the  discharge  knobs  will  greatly  reduce 
the  radiation.  The  strong  light  of  an  electric  arc,  or  any 
source  rich  in  violet  light,  will  dissipate  the  energy  of  the 
charge  and  prevent  good  working,  lienee  the  difficulties  that 

O  i  C  i 

are  in  the  way  are  numerous,  as  the  fault  may  be  in  the  sender 
or  receiver. 


+ 


Fig.  4. 


We  have  here  an  induction  coil  connected  in  the  circuit  as 
indicated  in  the  following  diagram  (Figure  d):  C  is  the  in¬ 
duction  coil,  whose  primary  circuit  has  in  series  a  regulating 
resistance,  K  ;  a  Wehnelt  interrupter,  B  :  and  the  source  of 
current  supply,  a  110  volt  circuit,  kindly  placed  at  our  dis¬ 
posal  by  Mr.  Marvin.  The  secondary  circuit  is  connected  to 
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the  discharger,  which  in  this  instance  consists  of  two  straight 
wires  with  metal  wings,  \V,  and  terminating  in  one-inch  metal 
spheres  immersed  in  oil. 

Hertz  produced  the  oscillatory  discharge  of  a  condenser, 
of  very  small  capacity,  through  an  inductance  of  simply  a 
straight  wire,  and  in  this  way  got  a  very  high  frequency  of 
oscillation.  If  we  take  this  small  condenser,  consisting  of  two 
rods  terminating  on  one  end  in  spheres  and  on  the  other  in 
metal  sheets,  we  can  expect  for  certain  small  air  gaps  an  oscil¬ 
latory  discharge. 

The  gap  is  the  resistance  to  the  passage  of  the  current, 
and,  unfortunately,  we  do  not  know  the  resistance  of  air,  « »r 
other  gas,  during  the  time  of  passage  of  a  spark  :  however,  it 
comes  down  to  a  fairly  small  value.  Owing  to  this  un- 
known,  the  gap  must  he  adjusted  by  experiment.  The  gap 
must  be  terminated  in  polished  spheres,  as  otherwise  there 
would  be  sufficient  brush  discharge  to  dissipate  a  considerable 
portion  of  the  otherwise  available  energy.  The  immersion  in 
oil  gives  high  insulation  until  the  break,  and  then  quite  low  in 
the  line  of  discharge,  both  desirable  features. 

One  would  think,  on  the  instant,  that  the  induction  coil  in 
parallel  with  the  gap  must  allow  considerable  of  the  discharge 
to  pass  that  way.  This,  however,  is  not  true  in  this  case,  as 
the  impedance  of  the  coil  to  the  passage  of  the  current  of  such 
frequency  is  enormous,  and  consequently  only  an  inappreciable 
portion  finds  its  way  back  through  the  coil,  the  greater  part 
surging  back  and  forth  across  the  gap  space. 

This  particular  form  of  oscillator  is  very  much  damped, 
and  as  a  result  makes  but  three  or  four  swings  before  coming 
to  rest.  It  is,  however,  a  powerful  radiator. 

Other  forms  have  been  used  in  which  the  damping  has 
been  decreased,  but  at  the  expense  of  the  radiation.  We  thus 
have  two  contrary  conditions  from  which  to  make  a  choice, 
depending  on  the  purpose  for  which  it  is  used. 

The  resonator  can  be  changed  in  the  same  wav.  The  cir- 

'  * 

i 


cularform  is  a  very  persistent  oscillator,  but  a  feeble  absorber. 
The  form  of  the  straight  wire  with  gap  in  the  middle  is  a  pow¬ 
erful  absorber,  but  greatly  damped,  and  consequently  dies  out 
rapidly  after  receiving  an  impulse.  A  body  that  is  greatly 
damped  will  respond  to  most  any  wave  length  within  quite 

wide  limits.  The  eve  and  ear  are  two  forms  of  wave  detectors 

*/ 

that  are  very  much  damped  and  have  quite  a  range. 

If  we  take  the  circular  resonator  and  touch  it  to  one  side 
only  of  the  spark  gap,  we  find  that  every  time  a  spark  passes 
in  the  big  gap  a  small  one  passes  in  the  resonator  gap.  \Vhy 
should  there  be  sufficient  potential  difference  to  cause  a  spark 
in  a  circuit  of  this  kind  connected  to  one  side  only  of  the  main 


gap?  Hertz  considered  that  it  must  be  due  to  the  difference 
in  the  self-induction  of  the  two  sides  of  the  ring  from  the 
point  of  contact  to  the  gap,  and  thus  requiring  a  difference  in 
time  of  the  arrival  of  the  charge  in  the  two  paths,  the  self- 
induction  varying  directly  as  the  length. 

If  this  is  an  explanation,  then  if  we  touch  the  ring  at  a  point 
equidistant  from  the  gap  we  should  expect  no  spark,  and  we 
find  none,  which  gives  support  to  that  view.  However,  if  a 
wire  be  attached  to  one  side  of  the  gap  we  find  we  can  get  a 
spark  now,  though  we  have  not  altered  the  conditions  that 
governed  Hertz’s  idea  of  accounting  for  the  spark.  The  ex¬ 
planation  of  this,  also  due  to  Hertz,  is  that  the  electric  impulse, 
or  wave,  is  reflected  from  the  end  of  the  wire  back,  and  hence 
when  it  arrives  on  its  return  there  is  sufficient  electro-motive 
force  to  cause  a  spark.  By  changing  the  length  of  the  wire 
added,  a  length  can  be  gotten  which  will  take  up  one  complete 
half  wave,  and  the  result  will  be  no  sparking  again. 

This  condition  is  certainly  one  of  waves  traveling  along  a 
conductor,  and  by  reflection  have  nodes  and  anti-nodes  pro¬ 
duced.  If  time  permitted,  a  long  wire  could  be  stretched  and 
tuned  to  the  same  period  as  the  oscillator  and  resonator,  and 
on  this  wire  we  could  find  nodes  and  anti-nodes,  exactly 
analagous  to  the  string  model.  However,  the  oscillations  for 
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wireless  telegraphy  are  not  along  wires,  and  so  we  will  turn 
our  attention  to  a  radiation  without  a  directing  conductor. 

We  will  make  use  of  the  same  form  of  detector,  and  ex¬ 
plore  the  immediate  vicinity  of  the  spark  gap.  It  is  noticed 
that  whenever  a  spark  passes  in  the  oscillator  a  small  one  also 
appears  in  the  resonator. 

Bv  taking  this  resonator  some  distance  awav  we  still  get 
the  sparking  in  the  detector.  If  the  spark  gap  is  rotated 
until  the  line  of  its  connecting  wire  is  perpendicular  to  the 
spark  of  the  oscillator,  the  small  detector  spark  ceases,  which 
shows  at  once  a  polarization  effect,  and  the  waves  are  said  to 
be  plane  polarized. 

The  action  that  causes  the  sparks  is  this  :  from  one  term¬ 
inal  of  the  oscillator  spark  gap  to  the  other  are  lines  of  electric 
force,  spoken  of  as  Faraday  tubes  of  force.  These  lines  all 
thread  their  way  out  in  a  direction  so  as  to  lie  in  planes  which 
would  intersect  in  the  axis  of  the  spark  gap.  When  these 
tubes  fall  upon  the  detector,  they  find  a  conducting  path  which 
gathers  more  in,  and  they  produce  sufficient  intensity  to  cause 
a  minute  spark  to  pass.  This  action  is  strong  when  the 
detector  is  near  the  oscillator,  but  decreases  as  the  cube  of  the 
distance,  and  so  is  soon  too  weak  to  affect  the  detector. 

There  must  be  another  cause  acting,  as  we  still  have 
sparks,  and  that  cause  is  a  magnetic  one.  At  right  angles  t<> 
a  moving  charge  of  electricity  a  magnetic  force  is  to  be  found. 
And  so  in  this  case,  this  field  of  magnetic  force  consists  of 
concentric  circles  surrounding  the  oscillator  spark  gap,  and 
these  vary  in  intensity  as  the  first  power  of  the  distance  ;  con¬ 
sequently  it  is  chiefly  the  effect  of  the  cuttings  of  these  lines  of 
magnetic  force  that  give  us  a  spark  at  a  distance. 

This  accounts  for  the  polarization  that  is  found  when  the 
detector  is  turned  through  an  angle  in  such  a  wav  as  to  make 
the  plane  of  the  detector  parallel  to  the  plane  of  the  magnetic 
circles. 

If  we  take  a  grid  of  wires  and  place  them  so  that  they  are 
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parallel  to  the  line  of  the  spark  gap,  we  should  expect  the 
wires  to  screen  off  the  effects,  and  we  find  this  to  lie  the  case. 
Now,  if  the  grid  of  wires  he  turned  until  they  are  perpen¬ 
dicular  to  the  spark  gap,  no  appreciable  effect  would  lie  ex¬ 
pected ,  as  the  wires  are  a  series  of  laminations  now  through 
which  the  electric  and  magnetic  forces  readily  pass.  This  also 
we  find  to  he  the  case. 

These  effects  are  shown  also  by  utilizing  the  small  sparks 
to  start  an  arc  from  the  110  volt  circuit.  If  we  make  use  of 
this  straight  wire  form  of  detector,  and  connect  across  the 
spark  gap  the  terminals  of  the  dynamo  circuit,  in  series  with 
a  small  fuse  wire,  then,  when  the  small  sparks  start,  they  will 
break  down  the  resistance  of  the  air,  and  the  dynamo  cur¬ 
rent  can  follow  and  blow  the  fuse,  thus  making  itself  known. 
With  this  the  polarization  effects  are  shown  nicely. 

Under  suitable  conditions  a  vacuum  tube,  when  connected 
across  the  terminals  of  the  small  gap  in  the  detector,  will  glow 
thus  showing  the  presence  of  the  radiations. 

Hertz  succeeded  in  reflecting  these  waves  and  producing 
stationary  waves  in  air.  For  this  he  was  compelled  to  use  the 
circular  form  of  detector,  in  which  very  feeble  sparks  are 
produced,  and  in  fact  he  used  a  lens  to  see  them,  so  that  it 
would  be  impossible  with  that  detector  to  show  them  here. 

I  had  hoped  to  get  a  vacuum  tube  of  the  proper  con¬ 
ductivity  to  show  this,  but  have  been  disappointed.  It  is 
extremelv  interesting  to  see  these  waves  measured  in  this  way, 

e.  i  %/  / 


the  tube  lighting  at  the  loops  and  going  out  at  the  nodes. 

Hertz  used  parabolic , reflectors,  made  of  sheet  zinc  bent  to 
the  form  of  a  part  of  a  parabolic  cylinder,  and  in  this  way 
greatly  strengthened  the  reflected  beam.  He  made  prisms  of 
pitch  and  measured  the  index  of  refraction  of  the  same.  He 
produced,  in  fact,  practically  all  the  common  optical  ex¬ 
periments. 

Hertz  made  no  attempts  at  any  great  distance  experi¬ 
ments,  as  the  sensitiveness  of  his  detector  would  not  admit  of 
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such.  In  fact,  lie  was  too  greatly  interested  in  the  purely 
theoretical  side  and  the  accumulation  of  additional  evidence  of 
the  truth  of  Maxwell’s  theory  to  have  thought  much  about 
the  other. 

It  is  interesting  to  notice  the  ether  wave  lengths  and  the 

O  O 

effects  produced  by  them,  so  far  as  we  know.  This  table 
(Table  1)  shows  it  nicely,  giving  wave  lengths  and  frequency  of 


TABLE  I. 


186, (KM)  Miles  Pek  Second. 

Number  of  Vibrations 

Designation.  Wave  Length.  Per  Second. 


Flash  of  lightning . 

Induction  coil . 

Pint  Leyden  jar . 

Laige  oscillator . 

Five-inch  oscillator . 

Shortest  electrical  wave 
Lowest  heat  sensation... 
Highest  heat  sensation. 

Rea  light . . . 

Orange  light . . 

Yellow  light . 

Green  light  . 

Blue  light . 

Indigo  light . . 

Violet  light  . 

Fltra  violet  radiation..., 
Boentgen  rays . 


.11,000  miles  17 

18  miles  10,0uo 

.  54  feet  18  millions 

1  foot  UK)  millions 

7  inches  172  millions 

2$  inches  480  millions 

583  millionths  of  inch  20  trillions 
.'*>9  millionths  of  inch  800  trillions 
271  ten  mill’ths  of  in.  434  trillions 
258  ten  mill’ths  of  in.  500  trillions 
244  ten  mill’ths  of  in.  520  trillions 
207  ten  mill'ths  of  in.  570  trillions 
191  ten  mill'ths  of  in.  634  trillions 
169  ten  mill’ths  of  in.  680  trillion- 
165  ten  mill'ths  of  in.  740  trillions 
140-85  ten  mill'ths  of  in.  870-1500  “ 
Unknown  Probable  300  quadrillions 


vibration — the  upper  part  being  that  which  is  known  as  elec¬ 
trical,  and  for  which  Hertz  supplied  the  first  detector.  Next 
comes  that  which  our  sense  of  touch  knows  as  heat.  Follow¬ 
ing  is  light,  of  which  we  know  through  our  sense  of  sight . 
Following  this  the  camera  tells  us  of  radiations  much  further, 
through  the  ultra  violet  up  to  and  including  the  X  Kays. 

This  table  is  not  continuous,  however,  as  we  find  several 
gaps  in  which  the  etiects  produced  by  these  particular  vibra¬ 
tions  are  unknown.  First,  the  magnetic  wave  from  the  sun 
has  never  been  observed,  but  its  length  simply  calculated  from 
the  conditions  of  the  sun  as  an  oscillator.  The  first  waves  we 
begin  to  observe  are  those  due  to  lightning,  and  they  can  be 
followed  on  down  until  we  arrive  at  the  shortest  one  produced 
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(up  to  the  present),  two  and  one-half  inches  long.  If  we  could 
continue  to  reduce  the  size  of  our  oscillators  we  could  2’et  then 
to  light  ;  however,  that  would  require  bodies  the  size  of  an 
atom,  and,  unfortunately,  we  have  no  means  of  constructing- 
such  an  oscillator  at  present. 

Following  on  down  through  the  gap,  we  come  upon  a 
wave  length  producing  what  we  call  heat  ;  after  passing 
through  a  range  of  this,  another  gap,  and  then  we  come  to 
light  ;  after  passing  through  the  several  colors  we  go  again  to 
the  invisible,  and  depend  upon  the  chemical  action  to  take  us 
further.  However,  we  soon  arrive  at  its  limits,  and  for  the 
present  we  can  go  no  farther.  But  is  that  the  end We  have 
no  reason  to  assume  it.  What,  then,  takes  place  in  the  unex¬ 
plored  gaps  ? 

This  table  (Table  II.)  indicates  quite  plainly  the  different 

TABLE  II. 

Detectors  of  Radiation. 


Physiological. 

Chemical.  Thermal. 

Electrical. 

Mechanical.  Microphonic. 

Eye. 

*  Frog’s  Leg. 
(Hertz  and 
Ritter.) 

Photographic  Thermopile. 
Plate. 

Explosive  Bolometer. 
Gases.  .  (Rubens  and 
Ritter.) 

Photo-elec¬ 
tric  Cell.  Expanding 

Wire. 
(Gregory.) 

Thermal 

Spark.  (Hertz.) 

Telephone;  Air 
Gap  and  Arc. 
(Lodge.) 

Vacuum  Tube. 
(Dragoumis.) 

Galvanometer. 

(Fitzgerald.) 

Electrometer.  Selenium  (?) 
(Blyth  and 

Bjerknes.) 

Filings 

Suspended  ( Bra  illy . ) 

Wires. 

(Hertz  and  Coherer. 

Boys.)  (Hughes  and 
Lodge.) 

Junction.  Air  Gap  and 
(Klemencic.)  Electroscope. 

(Boitzman.) 


Trigger  Tube. 
(Warburg  and 
Zehnder.) 


*  Doubtful.  The  names  in  parenthesis  indicate  the  ones  who  first  suggested  the  use 
of  the  instrument  named  for  the  detection  of  electrical  radiation. 

forms  of  detectors  that  have  been  applied  to  the  detection  of 
electrical  radiation.  Of  all  the  detectors  in  the  above  table 
the  coherer  has  attained  the  most  prominence,  and,  from  my 
experience  with  them  so  far,  justly  so. 
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Prof.  Ilranlv  discovered  this  wonderfully  sensitive  de- 
«.  * 

tector  while  milking  some  experiments  on  the  resistance  of 
metallic  powders  which  conducted  ver\  feebly  (about  as  good 
as  a  lead  pencil  mark. ) 

He  noticed  that  an  electric  spark  in  the  vicinity  of  metallic 
tilings  caused  their  electric  resistance  to  suddenly  decrease,  hut 
also  found  that  it  would  come  hack  to  its  original  value  on 
subjecting  it  to  a  mechanical  jar.  lie  saw  no  commercial  ad¬ 
vantage  in  this  new  detector  and  published  his  results,  thus 
making  it  public  property. 

Prof.  Lodge  was  among  the  tirst  to  assign  a  theory  of  it> 
action,  and  his  theory  is  the  generally  accepted  one  at  present, 
lie  considered  that  the  small  metallic  particles  would  have  a  coat 
of  oxide,  or  insulating  Him  of  some  kind,  form  on  them,  and 


then  when  the  electric  waves  came  along  and  started  surging." 
back  and  forth  between  consecutive  particles  the  films  would 
break  down  and  the  small  particles  fuse  together  by  the  minute 
sparks  that  passed.  On  giving  the  coherer  a  sudden  jar,  such  as 
the  tap  of  a  lead  pencil,  these  little  welds  would  he  broken  and 
the  body  made  to  take  its  original  condition.  During  the  time  of 
the  welded  state  the  resistance  would  he  low,  varying  inversely 
with  the  number  of  welds. 

A  great  number  of  different  kinds  of  filings  have  been 

C  CT 


tried,  and  the  one  most  generally  adopted  is  1*6%  nickle, 
4%  silver,  with  just  a  trace  of  mercury  on  the  plugs  at  the 
terminals. 

This  sketch  (Figure  5)  shows  the  form  that  is  being  used 


here  to-night.  It  is  the  nickle,  silver  tilings  made  by  taking  a 
piece  of  pure  nickle  and,  with  a  new  tile,  scraping  otl  some 
filings.  The  file  was  then  used  on  a  piece  of  silver  in  the  same 
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wav.  File  filings  are  then  weighed  and  mixed  in  the  above 
proportions  and  placed  in  the  small  glass  tube,  T.  The  tube 
is  provided  with  a  brass  cap,  C,  at  each  end,  held  on  by  sealing 
wax.  Through  the  caps  a  nickle  wire,  w,  is  threaded  and 
terminates  in  the  tube  in  a  nickle  disc,  I).  In  this  particular 
one,  thread  has  been  wrapped  back  of  the  discs  to  prevent  leak¬ 
age  of  the  filings,  F.  The  screw  threads  on  the  wires  leading 
to  the  terminals  allow  the  pressure  on  the  tilings  to  be  ad¬ 
justed.  The  tighter  they  are  squeezed  together  the  more 
sensitive  they  are.  but  also  more  difficult  to  decohere.  When 

held  very  loosely  the  reverse  is  true. 

✓ 

This  coherer  is  not  very  sensitive  in  comparison  to  what 
is  possible.  The  most  sensitive  ones  are  sealed  in  a  partial 
vacuum. 

After  a  coherer  has  been  in  use  for  some  time  it  seems  to 
lose  a  certain  amount  of  sensitiveness,  and  a  good  shaking  up 
does  it  good.  The  vacuum,  however,  will  keep  it  in  good 
shape  a  much  longer  time  and  insure  uniform  working. 

To  summarize  the  methods  of  increasing  the  sensitiveness 
of  a  coherer,  we  have  the  following  :  Use  angular  filings  (not 
round,  such  as  an  old  file  would  make);  metals  that  do  not 
oxidize  easily;  place  in  inert  gases;  use  few  filings;  and  in¬ 
crease  pressure  of  terminal  plugs. 

All  of  the  above  are  averse  to  decoherence,  and  so  a  com¬ 
promise  must  be  affected  and  suitable  values  adopted  for  the 
conditions.  The  methods  of  decohering  are :  A  vibrating 

O  o 

tapper  ;  mounting  directly  on  the  vibrator  ;  revolving  the  tube 
by  clock-work  ;  and  blowing  air  through  it. 

The  following  diagram  (Figure  6)  shows  the  connections 
of  the  coherer  circuit  in  use  to-night.  It  consists  of  a  coherer, 
C,  connected  in  series  with  a  telegraph  relay,  K,  and  a  battery, 
B.  When  a  wave  strikes  C  its  resistance  decreases,  and  suffi¬ 
cient  current  passes  to  work  the  relay,  and  it  closes  the  circuit 
at  S  through  the  bell  and  battery,  thus  giving  the  signal. 

In  order  to  decohere  easily,  the  coherer  has  been  mounted 
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on  the  vibrator  of  the  bell,  s<>  that  the  instant  the  bell  striker 
it  decoheres  and  is  ready  for  the  next  signal. 

On  causing  a  spark  to  pass  in  the  oscillator  the  bell  riugs 
immediately.  It  has  been  supposed  by  some  that  the  coherer 
was  dependent  upon  an  initial  voltage,  and  then  the  wave  sup¬ 
plied  “  the  straw  that  broke  the  camel's  back,-'  but  this  can 
hardly  be  entirely  true,  for,  on  disconnecting  the  battery  and 
getting  a  spark  and  then  connecting  again,  the  bell  rings, 
showing  the  coherer  acted  without  the  initial  voltage. 

If  the  coherer  be  placed  inside  a  wooden  box  and  com¬ 
pletely  covered,  the  action  goes  on  just  the  same,  showing  that 
wood  is  transparent  to  the  waves.  However,  if  a  metal  box, 
such  as  this  copper  one,  be  substituted  and  the  lid  placed  on, 
then  the  action  ceases  ;  but  if  a  small  insulated  wire  be  con¬ 
nected  to  the  coherer  and  brought  out  the  action  begins  again. 

If  wires  with  sheets  of  metal  be  added  to  each  side  of  the 
coherer,  the  action  is  increased,  and  it  will  detect  at  a  greater 
distance.  Professor  Lodge,  in  a  lecture  before  the  Koval 
Institution  of  Great  Britain,  in  1S1H,  used  a  coherer  arranged 

J  7  V. 

in  this  way  to  demonstrate  the  possibility  of  signaling  to  a 
distance.  lie  sent  signals  forty  yards,  but  at  that  time  thought 
nothing  of  extending  the  system  to  greater  distances.  To 
(piote  him  on  this  point :  “I  did  not  realize  there  would  be 


any  particular  practical  advantage  in  thus,  with  difficulty, 
telegraphing  across  space,  instead  of,  with  ease,  by  the  highly 
developed  and  simple  telegraphic  and  telephonic  methods, 
rendered  possible  by  the  use  of  a  connecting  wire.'* 

Among  the  first,  if  not  the  very  first,  to  send  signals  any 

distance,  was  Professor  Popoff,  of  (Tonstandt,  Russia,  who,  in 

a  paper  before  the  Russian  Physical  Society  in  April,  1895, 

described  his  system,  with  which  he  had  sent  messages  three 

and  one-half  miles,  lie  used  the  ordinary  Hertz  form  oscil- 
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lator  and  the  coherer  as  detector  ;  as  auxiliaries,  a  telegraphic 
relay,  bell,  battery,  and  a  vertical  wire.  He  used  the  vertical 
wire  on  the  receiving  instrument  only. 

Signor  Marconi,  while  a  student  at  Bologna,  witnessed 
some  Hertzian  experiments  by  Professor  Rigid,  and  from  them 
conceived  the  idea  of  applying  it  to  commercial  telegraphy. 
He  worked  a  short  time  in  Italy  on  the  coherer,  perfecting  it  ; 
then  went  to  England,  where  he  succeeded  in  enlisting  the  aid 
of  the  postoffice,  and  at  once  started  his  experiments  on  a  large 
scale.  He  worked  untiringly,  sometimes  meeting  with  success 
and  at  others  failure,  but  continually  increasing  the  distance  of 
his  signaling. 

One  characteristic  of  his  work  cannot  fail  to  be  admired 
by  engineers,  lie  has  not  rushed  into  print  with  all  sorts  of 
ridiculous  promises  ;  on  the  contrary,  he  has  been  very  con¬ 
servative,  and  only  mentioned  any  development  after  it  had 
been  achieved,  lie  has  offered  no  theory  of  the  working,  but 
has  been  content  to  go  on  inventing  by  trial,  until  he  has  a 
system  to-dav  that  is  the  best  known  of  all. 

This  diagram  (Figure  7)  illustrates  the  connection  of  his 
receiving  apparatus  ;  where  J  is  the  coherer  ;  J1,  J2,  the  metal 
plugs  of  the  coherer  ;  W,  the  overhead  wire  ;  E,  the  ground 
connection  ;  P,  the  decohering  device  ;  g  and  r,  batteries ; 
k,  k,  choke  coils  ;  n,  the  telegraphic  relay ;  s,  q,  p,  non- 
inductive  resistances  to  prevent  sparking  at  the  gaps  they  shunt. 

The  coherer,  when  accurately  adjusted,  is  so  sensitive 


W I K K L KSS  T KLK< JRAl’II V. 


Fig.  7. 


that  the  sparks  of  the  vibrators  of  the  decohering  device  and 
similar  sparks  would  cause  it  to  operate.  To  overcome  this 
the  non-inductive  resistances  are  used  to  prevent  sparks. 

With  this  apparatus  Marconi  has  sent  signals  over  two 
hundred  miles,  and  still  he  goes  on  perfecting  details  and  in¬ 
creasing  his  range.  No  one  dare  say  he  will  not  telegraph 
across  the  ocean,  for,  as  Lord  Kelvin  remarked:  “  It  is  a  reck¬ 
less  man  that  says  anything  is  impossible,  outside  the  domain 
of  mathematics. 

It  is  a  generally  conceded  fact,  among  the  workers  in  this 
Held,  that  this  form  of  wireless  telegraphy  is  not  strictly 
Hertzian.  The  radiation  is  not  in  straight  lines,  as  light,  for 
if  it  was,  the  curvature  of  the  earth  would  prevent  the  waves 
from  falling  upon  the  vertical  wires  at  the  receiving  station, 
with  the  elevations  that  are  used.  If  the  radiations  went  out 
in  straight  lines  only,  it  would  be  necessary  to  have  pole?-  at 
each  station  about  a  third  of  a  mile  high,  if  signals  were  to  be 
sent  for  a  distance  of  one  hundred  miles.  1  his  feat  has  been 
accomplished  with  poles  but  one  hundred  and  tiftv  feet  in 


height.  This  experiment  makes  it  necessary  to  assume  some 
different  method  of  radiation,  and  so  the  following  theory  has 
found  favor  :  The  waves  are  supposed  to  he  sliding  waves, 
such  as  we  find  along  wires,  and  they  are  formed  as  indicated 
in  the  following  diagramatic  sketch  (Figure  S) : 


!g- 


s. 


The  vertical  wire,  W,  with  spark  gap,  G,  is  charged  to  a 
high  potential  above  the  earth,  the  lines  of  force  streaming 
from  the  wire  to  earth,  just  as  one  would  expect  them  to  do 
between  two  insulated  conductors,  one  at  the  top  of  the  wire 
and  the  other  at  an  equal  distance  belowground;  the  earth 
acting  in  the  same  way  that  a  mirror  would  to  a  candle,  or 
other  source  of  light,  in  which  case,  to  a  person  a  short  dis¬ 
tance  away,  the  light  would  be  the  same  as  though  two  candles 
were  there.  .  In  this  way  it  is  considered  that  but  one-half  the 
wave  is  above  ground,  the  rest,  its  image,  being  below.  When 
the  electric  intensity  reaches  a  certain  stage  the  air  gap  breaks 
down,  and  the  ends  of  the  lines  slide  down  across  the  gap  to 
earth  ;  they  are  then  closed  and  are  free,  and  start  off  in  space 
with  the  velocity  of  light,  sliding  along  over  the  surface  of  the 
earth,  following  the  contour  of  the  earth,  and  not  going 
through  hills  and  jumping  over  valleys. 

Linked  with  these  electric  waves  are  also  the  magnetic 
ones,  which  start  out  as  circles  surrounding  the  wire  and  spread 
out  like  ripples  on  a  still  pond  about  a  center  of  sudden  dis¬ 
turbance.  On  this  theory  it  is  readily  seen  why  messages  are 
sent  greater  distances  over  sea  than  land.  Two  good  reasons 
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present  themselves  at  once  :  the  sea  i>  a  better  conductor;  and 
there  are  no  obstructions  to  cut  up  the  waves,  such  as  hill>, 
trees,  buildings  and  the  like. 

When  these  waves  strike  a  vertical  conductor,  a  certain 
amount  of  their  energv  is  taken  out.  One  can  readily  see 
how  rapidly  their  energy  would  I »e  consumed  in  crossing  a 
modern  citv  full  of  twentv-storv  steel-frame  buildings.  Long 

a.  %/ 

waves  have  less  difficulty  from  this  trouble  than  short  ;  con- 
sequently,  long  waves  are  being  used  by  all  the  practical 
systems.  The  wave  length  is  four  times  the  height  of  the 
vertical  wire.  Most  of  Marconi's  long-distance  work  has 
been  done  with  poles  150  feet  high.  At  the  receiving  sta¬ 
tion  these  circles  of  magnetic  force,  in  sweeping  along,  cut 
the  vertical  wire,  generating  voltages  which  slide  down  and 
set  up  oscillations  in  the  coherer,  thus  starting  the  relay. 

After  Marconi  had  sent  messages  across  the  English 
Channel  inventors  all  over  the  world  took  the  matter  up, 
and  systems  were  devised  at  a  frightful  rate.  Every  daily 
paper  contained  an  account  of  some  system  that  would  drive 
all  others  out  of  the  held,  but,  after  sifting  them  all  down, 
there  is  not  a  great  amount  of  difference  in  them. 

The  Marconi  represents  the  best  in  England,  if  not  the 
world.  Owing  to  patent  delays,  we  are  unable  to  keep  up  with 
all  his  latest  improvements. 

The  work  that  has  been  done  for  the  Agricultural  1  >e- 
partment  by  Professor  Fessenden  is  undoubtedly  the  best  in 
America.  He  has  spent  over  a  year  in  extensive  experiments, 
and  feels  very  confident  of  success.  In  fact,  he  has  already 
sent  messages  from  his  experimental  station  to  Washington,  a 
distance  of  about  seventy  miles.  He  feels  that  this  distance  is 
insignificant  to  what  is  possible  and  practicable.  At  last  ac¬ 
counts  from  him  he  was  preparing  to  send  a  distance  of  about 
two  hundred  miles,  between  two  capes  along  the  Atlantic 
coast.  He  has  used  a  modified  form  of  the  coherer  so  far, 
though  he  expects  ultimately  to  use  a  form  of  detector  depend¬ 
ent  entirely  upon  magnetic  action. 
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The  following  diagram  (Figure 


9)  illustrates 


three  modi¬ 


fications  of  this  general  principle,  first  brought  out  by  Prof. 
Elihu  Thomson.  In  the  figure  to  the  left,  two  diagramatic 
sketches  are  given.  The  top  one  is  an  elevation  ;  the  one  below 
shows  it  in  plan.  In  short,  it  consists  or  a  ring,  P,  with  mir¬ 
ror,  INI,  suspended  by  a  quartz  fibre  between  two  coils,  F.  F. 
These  coils  are  connected  in  series,  and  the  other  terminals  one 
to  earth  and  the  other  to  the  vertical  wire.  "When  the  waves 
strike  the  vertical  wire  the  alternating,  or  rather  oscillating, 
currents  pass  through  the  coils,  F,  F,  forming  a  field  of  mag¬ 
netic  lines.  These  lines  cut  the  ring,  K,  generating  a  voltage 
and  thus  a  current  in  it.  This  current  in  K  forms  a  field  in  a 
direction  at  an  angle  to  the  first  field,  and  these  fields  tend  to 
become  parallel,  thus  causing  the  ring,  K,  to  move.  A  slight 
movement  of  the  ring  and  mirror  is  easilv  detected  with  a 
reading  telescope  and  scale,  as  with  an  ordinary  galvanometer. 
A  condenser  of  proper  capacity  shunted  across  the  coils,  F,  F, 
will  improve  the  action  somewhat.  This  is  the  instrument 
that  was  used  by  Professor  Fessenden  in  all  his  experiments 

made  in  this  citv. 

«/ 
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The  second  form  (the  middle  figure)  is  dependent  on  the 
same  method  of  action,  though  the  detecting  part  is  diff  erent 
the  ring,  K,  in  this  instance  being  laid  upon  three  knife-edges, 
two  of  which,  1>,  B,  are  metal,  and  the  third,  (  ,  is  of  carhon. 
To  the  metal  knife-edges  a  terminal  is  taken  from  a  non- 
inductive  resistance,  X.  through  which  an  alternating  current 
from  a  dynamo  is  passing.  The  other  terminal  from  this 
resistance  is  connected  to  the  carbon  edge,  including  in  series 
a  telephone,  T.  The  alternating  current  would  cause  a  slight 
hum  to  be  heard  continually  in  the  telephone,  and  when  a 
signal  from  the  vertical  wire  arrives  this  hum  would  be  in- 

V 

creased  or  diminished  by  the  variation  of  resistance  of  the 
carbon  point  with  the  ling.  This  form,  to  my  knowledge, 
has  not  been  tried,  and  so  no  opinion  can  be  passed  as  to  its 
practical  value. 

The  third  figure  is  still  another  modification,  which  has 
not  been  tried,  in  which  an  iron  circuit  is  introduced  and  an 
attempt  made  to  increase  the  strength  of  the  magnetic  field, 
which  in  turn  would  increase  the  torque  of  the  ring,  K, 
tending  to  give  a  signal.  The  ring,  I\,  is  bent  to  the  shape 
of  a  figure  8,  and  then  one  loop  is  turned  through  IMP. 
'Fhe  vertical  wire,  as  before,  comes  in  and  passes  around  a 
magnetizing  coil.  In  the  light  of  later  experiments  that  I 
have  made,  it  seems  most  unlikely  that  iron  for  this  frequency 
has  a  beneficial  effect. 


Professor  Fessenden  considered  some  form  of  detector  of 

this  kind  better  than  the  coherer,  because  all  the  enerirv  re- 
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ceived  could  be  utilized,  while  the  coherer  simply  depended 
upon  a  sufficient  voltage  to  break  down  its  insulating  film, 
and  the  rest  of  the  wave  was  then  useless,  lie  considered 
it  possible  to  get  an  instrument  that  would  be  much  more 
sensitive  on  this  account.  This  point  to  me  seems  rather 
doubtful,  as  the  coherer  is  so  extremely  sensitive,  and  at  the 
same  time  is  in  a  practical  working  form.  Mr.  Marconi  evi¬ 
dently  realized  this  condition  of  the  coherer,  dependent  on 
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voltage  aiid  not  energy,  and  sought  to  overcome  it  by  a 
peculiarly  constructed  transformer,  placed  with  -  its  secondary 
in  the  coherer  circuit  and  primary  in  the  vertical  wire.  The 
transformer  was  wound  on  a  glass  tube,  with  no  iron  about  it, 
and  having  a  ratio  of  turns  of  four  or  five  to  one,  it  being  used 
as  a  step-up  transformer.  The  secondary  was  built  up  in  a 
pyramidal  form,  in  section,  having  one  less  turn  in  each  layer, 
the  idea  being  to  get  the  greatest  time  rate  of  cutting  of  mag- 
netic  lines  possible,  and  thus  make  the  energy  that  came  act  as 
one  strong  impulse  for  each  wave,  rather  than  a  smooth  wave 
of  equal  area. 

Professor  Fessenden,  with  his  wonderful  grasp  of  electrical 
theory  and  his  broad  experience  in  experimental  work,  cannot 
fail  to  produce  a  system  that  will  be  the  equal,  if  not  the  best, 
of  any  in  the  world.  He  started  his  experiments  in  a  very 
systematic  way,  taking  nothing  for  granted  that  was  not 
already  known  beyond  the  shadow  of  a  doubt,  and  now  tells 
us  he  knows  with  certainty  the  governing  laws,  and  can  design 
stations  for  this  class  of  work  with  as  much  assurance  of  suc¬ 
cess  as  any  other  class  of  design. 


Professor  Slaby  has  developed  a  system  for  use  in  the 
German  navy  that,  from  authentic  accounts,  is  excellent. 
The  principal  difference  in  the  Slaby  system  is  the  method  of 
connecting  the  coherer  to  the  receiving  wire.  lie  claims  that 
a  potential  node  is  formed  at  the  earth  end  of  the  vertical  wire, 
and  a  potential  loop  at  the  top  ;  consequently,  the  usual  way 
of  connecting  the  coherer  at  the  bottom  of  the  wire  must  be 
the  worst  possible  form.  -In  order  to  attach  to  the  loop,  or 
point  of  maximum  activity,  he  connects  another  wire  to  the 
‘••round  end  of  the  vertical  wire,  and  then  measures  off  a  length 
equal  to  the  vertical  and  attaches  the  coherer  between  this 
point  and  earth.  The  result  of  such  is  to  place  the  coherer  at 
another  loop  and  give  good,  strong  signals.  He  accounts  for 
the  working  of  the  coherer  on  the  other  system  bv  the  exist- 
ence  of  waves  of  other  lengths  beside  the  fundamental.  With 
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his  system  he  can  thus,  by  accurate  tuning,  prevent  one  of  the 
greatest  troubles  that  wireless  telegraphy  has  had  —that  is. 
interference. 

In  a  lecture  delivered  bv  Professor  Slaby,  before  the 
German  emperor,  he  exhibited  this  property  by  receiving  two 
messages  from  different  stations,  both  at  the  same  time  on  t lie 
same  vertical  wire,  and  with  perfect  success,  working  at  the 
rate  of  seventy-two  letters  per  minute. 

According  to  Professor  Fleming,  Mr.  Marconi  has  a  svs- 
tern  for  eliminating  this  difficulty,  but,  as  his  patents  are  not 
allowed  yet,  he  cannot  make  it  public.  It  is  probably  some 
system  of  tuning,  so  that  the  receiver  will  respond  to  but  one 
particular  wave  length. 

Many  complicated  schemes  have  been  proposed  for  getting 
rid  of  this  difficulty,  but  very  few  of  them  ever  get  past  the 
drawing  board.  For  short  distances  reflectors  can  be  used, 


thus  insuring  secrecy. 

Wireless  telegraphy  will  probably  never  supplant  the  wire 
form  in  use  to-day,  in  which  hundreds  of  words  per  minute 
can  be  sent  as  against  sixteen,  the  present  rate  of  wireless. 
However,  a  comparison  of  this  kind  is  not  fair,  as  the  wireless 
is  voting  and  the  other  has  gone  through  a  long  stage  of 
evolution. 

The  ocean,  and  places  where  intermittent  service  is  de¬ 
sired,  such  as  in  wars,  lighthouse  service,  and  so  forth,  is  the 
natural  held  of  this  new  industry.  This  is  particularlv  true  of 
lighthouse  service,  where  the  weather  conditions  will  have  no 
effect  on  the  working  of  this  system,  to  warn  ships  of  their 
approach  to  a  dangerous  point.  Systems  for  guiding  torpe¬ 
does,  exploding  mines,  etc.,  have  also  been  worked  out. 


It  has  been  argued  that  any  one  within  the  radius  of 
activity,  and  provided  with  receiving  instruments,  can  note 
down  the  messages.  While  this  is  true,  it  is  to  a  certain  ex¬ 
tent  true  of  the  ordinary  telegraph  system,  where  for  secret 
work  cipher  messages  are  sent.  And  even  granting  this  de- 
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feet,  in  which  signals  are  sent  in  all  directions  with  the  inten¬ 
tion  of  utilizing  but  one,  there  are  occasions  when  that  is 
useful.  Calling  to  some  one  at  a  distance  can  be  heard  by  all 
around,  but  no  one  doubts  but  what  it  has  a  proper  Held  of 
usefulness. 

In  conclusion,  I  wish  to  extend  my  thanks  to  Messrs. 
Eisenbeis  and  Wallace  for  assistance  in  getting  the  apparatus 
ready,  and  to  Mr.  Eisenbeis  for  assisting  in  the  demonstration 
of  the  experiments. 


DISCUSSION. 

M  K.  II.  W.  F  isHER — Gentlemen,  I  am  sure  you  will  all 
agree  with  me  that  this  has  been  a  most  interesting  and 

‘  CJ 

fascinating  paper,  and  the  experiments  have  been  most  beauti¬ 
ful  indeed.  These  experiments  are  very  hard  to  perform, 
and  it  has  been  wonderful  the  way  everything  has  gone  off 
this  evening.  I,  myself,  know  that  some  of  these  experi¬ 
ments  are  very  difficult  indeed  ;  and  to  us,  as  engineers,  a 
paper  of  this  kind  is  very  interesting.  It  brings  us  back 
to  the  earlier  days,  when  we  were  in  touch  with  this  kind 
of  thing.  Almost  all  engineering  work  started  at  the  labora- 
tory,  and  has  been  developed  by  persons  who  labored  inde- 
fatigably,  just  as  has  been  shown  us  this  evening. 

A  Member — I  would  like  to  know  if  lightning,  being  a 
long  vertical  discharge,  would  not  cause  considerable  trouble, 
effecting  all  receivers  within  a  thousand  miles  or  so ' 

Prof.  Kintner — In  reply  to  that  I  will  say  that  a  certain 
amount  of  difficulty  has  been  experienced  from  lightning,  but 
this  is  practically  eliminated  by  tuning  the  receivers.  The 
wave  of  the  ordinary  sender  is  about  six  hundred  feet  Avhile 

t/ 

that  due  to  lightning  is  about  a  thousand  miles  or  more,  so  that 
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no  very  accurate  tuning  is  necessary  to  exclude  the  lightning 


wave. 


A  Member — May  I  ask  on  what  data  that  wave  length  is 
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Prof.  Kintner — I  will  have  to  state  that  it  is  calcula¬ 
tion  :  it  is  not  actual  observation. 

Mr.  II.  \V.  Fisher — I  would  like  to  sav  that  I  saw  a 
report  from  Germany  on  this  subject.  It  was  shown  there, 
verv  nicely,  that  by  distending  the  wave  length  you  could  talk 
to  a  city  five  miles  away,  but  further  than  that  you  could  not  : 
so  that,  in  that  wav,  it  would  be  verv  easy  to  talk  to  one  city, 
and  having  an  adjustment  of  this  kind  you  could  put  on  the 
right  amount,  but  the  next  minute,  if  you  wanted  to  talk  to 
another  city,  you  would  have  to  change  the  adjustment.  There 
was  another  way,  which  was  to  shield  the  apparatus  with  a 
metallic  screen,  and  rotating  this  around  so  that  a  slot  comes 
in  the  direction  of  the  place  you  wish  to  talk  to.  They  have 
only  been  able  to  use  that  in  distances  of  two  to  three  miles. 

A  Member — May  I  ask  the  frequency  ( 

Prof.  Kintner — The  wave  length  is  about  six  hundred 
feet,  and  the  frequency  can  be  determined  by  dividing  ]  >b,nnO 
miles  by  this. 

ft/ 


A  Member — Is  it  possible  to  make  these  radiations  pass 
through  the  earth,  instead  of  through  the  air.  bv  directing 
them  downward  ' 

Prof.  Kintner — I  would  sav  no  to  that.  In  fact,  I  read 
the  other  day  of  an  experiment  that  was  made,  where  a 
man  used  a  coherer  which  he  put  in  a  box  and  buried  it  two 
feet  in  the  earth.  He  threw  dirt  over  it,  and  it  ceased  to  work 
entirely,  which  shows  that  the  waves  do  not  penetrate  into  the 
earth  any  appreciable  distance.  The  coherer  responded  before 
it  was  covered  with  earth. 

A  vote  of  thanks  was  tendered  Prof.  Kintner  for  hi>  verv 


interesting  lecture. 

c 

A  vote  of  thanks  was  also  tendered  Mr.  Marvin,  who  so 
kindly  furnished  the  electricity  for  the  experiments. 

On  motion,  the  Society  adjourned  at  1  < > :  I  ( ». 

Charles  \V.  Kidinger, 


Nit  r  reft  r  rtf. 
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MEETING  OF  THE  CHEMICAL  SECTION. 


A  regular  meeting  of  the  Chemical 'Section  was* held  in 
the  rooms  of  the  Society,  Thursday  evening,  March  21st,  with 
Chairman  A.  G.  McKenna  presiding. 

The  minutes  of  the  last  regular  meeting  were  read  and 
approved. 

The  evening  was  devoted  to  the  discussion  of  various 
interesting  subjects,  after  which  the  meeting  was  adjourned. 

A.  Gross, 

Secretary  C.  S. 


If 
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THIS  SOCIETY  DOES  NOT  HOLD  ITSELF  RESPONSIBLE  FOR  THE  OPINIONS  OF  ITS  MEMBERS. 


The  two  hundred  and  fourteenth  regular  monthly  meeting 
of  the  Engineers'  Society  of  Western  Pennsylyania  was  held 
in  the  Lecture  Room  of  the  Society’s  House,  410  Penn  Ave. , 
Pittsburgh,  Pa.,  Tuesday  evening,  April  16,  1901,  the  presi¬ 
dent,  Mr.  H.  W.  Fisher,  being  in  the  chair,  and  twenty-six 
members  and  visitors  present. 

The  minutes  of  the  preceding  meeting  were  read  and 


approved. 

For  the  Board  of  Director 
reported  as  passed  and  to  be 
meeting  : 

WILLIAM  LEHMER  CURRY,  - 


FREDERICK  IIAWORTII, 

ROBERT  LINTON,  - 

JOHN  I.  M.  MILLIGAN,  - 


WILLIAM  THOMAS  MOHAN,  - 
F  R E I )  E  R ICK  C.  SCH  A  TZ,  - 


s,  the  following  applicants  were 
voted  for  at  the  next  regular 

Engineering  Department, 

Duquesne  Steel  Works,  Carnegie 
Steel  Co.  168  Homewood  Avenue, 
Pittsburgh,  Pa. 

Mechanical  Engineer, 

Partner  of  Haworth  &  Dewhurst, 
Pittsburgh,  Pa. 

Manager,  Factory  No.  4, 

American  Window  Glass  Co.,  Belle 
Vernon,  Pa. 

Mechanical  Engineering  Dept., 
Westinghouse  Electric  A:  Mfg.  Co., 
East  Pittsburgh,  Pa.  Whitney  Ave., 
Wilkinsburg,  Pa. 

With  Pittsburgh  Stove  A:  Range  Co. 
1512  Franklin  St.,  Allegheny,  Pa. 

Engineer, 

Jos.  Horne  &  Co.,  Pittsburgh,  Pa. 
58  William  St.,  82d  Ward,  Pitts¬ 
burgh,  Pa. 
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ALBERT  N.  SMITH, 


Engineer, 

With  Julian  Kennedy,  Pittsburgh, 
Pa.  330  Main  St.,  Pittsburgh,  Pa. 


The  following  gentlemen  were  balloted  for  and  duly 
elected  to  membership  : 


THOMAS  R.  BROWN, 


WILLIAM  M.  DAVIS, 


R.  GUY  FOSTER, 


L.  E.  E.  HILDNER,  - 


HARRY  S.  HUNTER, 


DAVID  MAXWELL,  - 


JESSE  C.  McDOWELL, 


ASA  M.  MATTICE, 


H.  W.  MYER, 


J.  H.  NICHOLSON, 


ANDREW  PINKERTON, 


Works  Manager, 

Westinghouse  Air  Brake  Co.,  Wil- 
merding,  Pa. 

Traveling  Engineer, 

Atlantic  Refining  Co.,  Pittsburg,  Pa. 

Structural  Draughtsman, 

814  Wood  Street,  Wilkinsburg,  Pa. 

Structural  Draughtsman, 

With  Riter-Conley  Manufacturing 
Co.,  Allegheny,  Pa. 

Manager, 

Pittsburgh  Office,  Chicago  Pneu¬ 
matic  Tool  Co.,  1016 Carnegie  Bldg., 
Pittsburgh,  Pa. 

Draughtsman, 

Riter-Conley  Mfg.  Co. ,  Allegheny, 
Pa.  204  North  Ave  ,  Allegheny,  Pa. 

Vice-President  and  General  Manager, 
Philadelphia  Co.,  435  Sixth  Avenue, 
Pittsburgh,  Pa. 

Electrical  Engineer, 

With  Westinghouse  Electric  A  Mfg. 
Co.,  East  Pittsburgh,  Pa.  P  O.  Box 
911,  Pittsburgh,  Pa. 

Mining  Engineer, 

Division  Engineer  with  Pittsburgh 
Coal  Co.,  232  Fifth  Avenue,  Pitts¬ 
burgh,  Pa. 

Engineer, 

Mechanical  and  Mercantile  connec¬ 
tion  with  National  Tube  Co.,  Room 
69,  Conestoga  Bldg.,  Pittsburgh,  Pa. 

Electrical  Engineer, 

American  Sheet  Steel  Co.,  Vander- 
grift,  Pa. 
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HARRY  II.  RANKIN,  -  -  Civil  Engineer, 

Duquesne  St(*el  Works,  Carnegie 
Steel  C'o.,  Duqueene,  Pa.  K*27 South 
Negley  Avenue,  Pittsburgh,  Pa. 

EDWARD  YANK  IRK,  -  -  Electrical  Engineer, 

Elizabeth,  Pa. 


The  Secretary  read  the  following  communication, 
had  been  received  by  the  Board  of  Directors  : 


w  hich 


THE  IKON  AND  STEEL  INSTITUTE. 


Established  1809.  Incorporated  by  Royal  Charter,  1*99. 

THE  ANDREW  CARNEGIE  RESEARCH  SCHOLARSHIP. 

A  Research  Scholarship  or  Scholarships,  of  such  value  as 
may  appear  expedient  to  the  Council  of  the  Iron  and  Steel 
Institute  from  time  to  time,  founded  by  Mr.  Andrew  Carnegie 
(Vice-President),  who  has  presented  to  the  Iron  and  Steel 
Institute  thirty-two  one-thousand  dollar  Pittsburgh,  Bessemer 
&  Lake  Erie  Railroad  Company  5  per  cent.  Debenture  Bonds 
for  the  purpose,  will  be  awarded  annually,  irrespective  of  sex 
or  nationality,  on  the  recommendation  of  the  Council  of  the 
Institute.  Candidates,  who  must  be  under  thirty-live  vears  of 
age,  must  apply,  on  a  special  form,  before  the  end  of  April  to 
the  Secretary  of  the  Institute. 

The  object  of  this  scheme  of  Scholarships  is  not  to  facili¬ 
tate  ordinary  collegiate  studies,  but  to  enable  students  who 
have  passed  through  a  college  curriculum,  or  have  been  trained 
in  industrial  establishments,  to  conduct  researches  in  the  metal¬ 
lurgy  of  iron  and  steel  and  allied  subjects,  with  the  view  of 
aiding  its  advance  or  its  application  to  industry.  The  National 
Physical  Laboratory,  on  the  governing  body  of  which  the  Iron 
and  Steel  Institute  is  represented,  would,  for  many  reasons,  be 
a  very  suitable  place  in  which  a  research  could  be  carried  out. 
There  is,  however,  no  restriction  as  to  the  place  of  research 
which  may  be  selected,  whether  university,  technical  school,  or 
works,  provided  it  be  properly  equipped  for  the  prosecution  of 
metallurgical  investigations. 


110  ENGINEERS’  SOCIETY  OF  WESTERN  PENNSYLVANIA. 

The  appointment  to  a  Scholarship  shall  be  for  one  year, 
but  the  Council  may  at  their  discretion  renew  the  Scholarship 
for  a  further  period,  instead  of  proceeding  to  a  new  election. 
The  results  of  the  research  shall  be  communicated  to  the  Iron 
and  Steel  Institute  in  the  form  of  a  paper  to  lie  submitted  to 
the  annual  general  meeting  of  members,  and  if  the  Council 
consider  the  paper  to  be  of  sufficient  merit,  the  Andrew 
Carnegie  Gold  Medal  shall  be  awarded  to  its  author.  Should 
the  paper  in  any  year  not  be  of  sufficient  merit,  the  medal  will 
not  be  awarded  in  that  year. 

By  order  of  the  Council, 

Bennett  II.  Brough, 

Secretary . 

28  Victoria  Street,  London,  April  3d,  1901. 


THE  IRON  AND  STEEL  INSTITUTE. 

Established  1869.  Incorporated  by  Royal  Charter  1899. 

28  Victoria  Street,  London,  S.  W. 

FORM  OF  APPLICATION 

FOR  CANDIDATES  FOR  THE  ANDREW  CARNEGIE  RESEARCH 

SCHOLARSHIP. 


Christian  and 
Surname  in  full. 

Address. 


Date  of  Birth. 


Two  references  at 
least  to  Members  of 
the  Institute,  or 
persons  of  official 
standing,  to  whom 
the  Candidate  is 
personally  known. 


I,  . 

of . 

born  on  the . day  of . 18  ...  . 

«/ 

hereby  offer  myself  as  a  Candidate  for  the 
Andrew  Carnegie  Research  Scholarship. 

I  mention  the  following  gentlemen  as  my 
references: 


I  received  my  treneral  education  at 

«/  c 


Here  state  Schools 
or  Colleges  and 
years  spent  at  each. 


from 


to 


REGULAR  MEETING. 


Ill 


and  my  training  in  metallurgy  and  practical 
experience  have  been  as  follows  : 

Reference  to  any 

published  research  . . . 

by  the  Candidate  or 
other  suitable 

Information  should  . 

be  tflven  here. 


The  nature  and  place  of  the  Research  pro¬ 
posed  are  as  follows  : . 


Signature  of  Candidate . 

C 

Dated  this . day  of . 190 . . 


Mr.  Fisher — You  have  all  heard  this  interesting  docu- 

c j 

ment.  What  shall  we  do  in  reference  to  it  (  It  has  been 
suggested  that  it  might  be  well  to  give  the  Societv  at  large 
notice  of  this. 

Mr.  Johnson — I  would  suggest  that  the  best  wav  to  get 

©©  **  © 

it  before  the  Societv  at  large  would  be  to  embody  it  in  the 

minutes  of  this  meeting.  I  make  a  motion  to  that  effect. 

© 


Motion  carried. 

Mr.  Fisher — Next  in  order  is  unfinished  business,  and  1 
think  in  this  connection  we  would  like  to  hear  from  Mr. 
Schellenberg,  Chairman  of  the  Committee  on  Technical  Schools. 

Mr.  Schellenberg — The  proceedings,  as  you  are  aware, 
have  been  distributed.  We  are  very  anxious  for  communica- 
tions  in  furtherance  of  the  discussion,  and  we  would  even 
welcome  the  critics.  Some  of  us  would  father  be  critics  than 
to  produce  something.  We  have  received  from  the  Secretary 
a  written  communication  this  evening  and  a  bundle  of  printed 
matter,  which  seems  to  have  come  from  Prof.  Thurston.  Of 
the  merit  of  that  I  cannot  speak  yet.  The  committee  has  to 
edit  the  communications,  and  I  suppose  we  will  perhaps  be 
able  to  give  them  in  their  entirety.  Mr.  President,  we  need 
communications,  we  expect  them  from  members,  and  if  you 
can  help  us  to  get  them,  that  is  what  we  want. 
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Mr.  Wilson,  the  Chairman  of  the  Reception  Committee, 
not  being  present  at  the  meeting,  the  President  called  on  Mr. 
Glaubitz  for  report.  He  announced  that  the  committee  would 
have  a  Smoker  Saturday  evening,  May  1th. 

Mr.  Fisher — 1  might  further  say  that  it  is  the  intention 

to  have  a  very  good  quartette,  and  to  have  some  performances 

in  magic,  besides  the  usual  accompaniments  of  a  Smoker.  The 

committee  is  very  anxious  to  raise  the  necessary  funds,  which 

are  to  be  raised  by  voluntary  contribution.  As  I  believe  Mr. 

Glaubitz  is  the  only  member  of  the  committee  present,  he  will 

be  very  much  pleased  to  receive  such  contributions.  I  hope 

everybody  will  contribute  freely,  as  an  affair  of  this  kind 

requires  a  considerable  amount  of  money  to  carry  it  through. 

The  quartette  has  to  be  paid  about  $15.00,  I  think,  and  then 

* 

the  refreshments,  etc.,  will  cost  quite  a  good  deal  more. 

Mr.  Camp — For  the  Program  Committee,  I  can  say  that 
we  are  supplied  with  a  paper  for  the  May  meeting.  Papers 
for  June  and  October  are  still  needed,  and  if  any  members 
have  anything  that  they  choose  to  present  it  will  be  very 
gratefully  considered. 

The  next  in  order  was  the  reading  of  the  paper  of  the 
evening,  entitled,  uThe  Flow  of  Semi-Fluids  Through  Ori¬ 
fices,”  by  Mr.  Willis  Whited  : 


FLOW  OF  SEMI- FLUIDS. 
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THE  FLOW  OF  SEMI-FLUIDS  THROUGH  ORIFICES. 


HY  WILLIS  WHITED. 

There  are  several  kinds  of  semi-fluids,  but  the  particular 
kind  referred  to  in  the  present  paper  consists  of  solid  parti¬ 
cles  of  appreciable  size,  without  adhesion,  and  not  differing 
widely  from  the  sphere  in  form — as,  for  example,  wheat,  shot, 
or  dry  sand.  For  various  reasons,  the  experiments  mentioned 
in  the  present  paper  were  all  performed  with  wheat.  Oats 
behave  somewhat  differently,  owing  to  the  elongated  grains, 
which  tend  to  form  arches  over  the  oritice,  retarding  or  stop¬ 
ping  the  flow,  even  when  the  oritice  is  some  inches  in  diameter. 

The  experiments  were  performed  some  years  since,  but 
have  not  been  published  heretofore,  chiefly  because  the  author 
was  in  hopes  of  preparing  an  analytical  discussion  of  the  gen¬ 
eral  laws  of  the  efflux  of  semi-fluids,  but  his  mathematics  has 
thus  far  proven  inadequate.  He  therefore  concluded  to  pub¬ 
lish  the  facts,  so  far  as  he  knew  them,  and  let  some  of  the 
abler  mathematicians  of  the  Society  wrestle  with  the  theory. 

An  examination  of  the  tables  will  show  that  the  velocity 
of  etflux  is  independent  of  the  head,  and  varies  approxi¬ 
mately  as  the  diameter  of  the  orifice — i.  e.,  the  total  etflux 
varies  as  the  cube  of  the  diameter,  the  form  of  the  orifice  being 
the  same.  No  experiments  were  tried  with  other  semi-fluids, 
but  it  is  reasonable  to  suppose  that  the  velocity  of  etflux 
varies  with  different  substances,  and  depends  principally  on  the 
angle  of  repose.  But  if  the  grains  are  much  elongated,  as  is 
the  case  with  oats,  their  tendency  to  form  arches  over  the 
orifice  and  thus  stop  the  flow  would  probably  destroy  the 
theoretical  value  of  any  experimental  determinations  that  might 
be  made. 
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About  38.3  cubic  inches  of  the  wheat  used  in  the  experi¬ 
ments  weighed  one  pound,  and  the  linear  velocity  of  efflux  per 
second  was  about  8  times  the  least  diameter  of  the  orifice.  It 
will  probably  be  found  that  this  rule  applies  generally  to  wheat, 
and  approximately  to  other  substances  having  about  the  same 
angle  of  repose.  The  velocity  of  efflux  through  a  vertical 
orifice  is  about  one-third  of  that  through  a  horizontal  orifice  of 
the  same  size. 

As  to  the  effects  of  ajutages  :  If  the  sides  of  the  ajutage 
are  hard  and  smooth  the  semi-fluid  seems  to  flow  somewhat 
more  freely,  but  if  the  ajutage  tapers  it  seems  to  make  little 
difference,  unless  it  tapers  so  rapidly  as  to  obstruct  the  flow. 

The  experiments  were  performed  as  follows  :  A  box 
Ilf"  x  12f"  x  41J"high  was  so  arranged  that  orifices  of  differ¬ 
ent  sizes  and  shapes,  with  or  without  adjutages,  could  be  made 
in  the  bottom  and  in  one  side  close  to  the  bottom,  with  means 
for  opening  and  closing  them  at  will.  A  box  on  scales  was 
placed  below,  in  a  position  to  catch  the  wheat  as  it  flowed  out. 
The  box  was  filled,  the  weights  on  the  scales  set  to  weigh  10  or 
.20  pounds,  the  orifice  opened  and  the  time  noted  when  the 
beam  began  to  rise  ;  the  weights  were  set  for  the  next  weigh- 
ing  and  the  time  noted  when  the  beam  began  to  rise  again,  and 
so  on  without  stopping  the  flow  as  long  as  the  orifice  ran  full. 
In  this  way  the  personal  error  was  eliminated  as  far  as  possible. 
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Experiment  1 — Ajutage  If  in.  square,  vertical  prismatic, 
f  in.  deep,  wood. 

Experiment  2 — Ajutage  same  as  in  Experiment  1. 

Experiment  3 — Ajutage  cylindrical,  £  in.  deep,  1  in. 
diameter,  wood. 

Experiment  4 — Orifice  vertical,  1  1-16  in.  square,  thin 
plate. 

Experiment  5 — Orifice  circular,  1  in.  diameter,  thin  plater 
horizontal. 

Experiment  6 — Ajutage  cylindrical,  15-16  in.  diameter,  1 
in.  deep,  metal. 

Experiment  7 — Ajutage  cylindrical,  15-16  in.  diameter, 
4J  in.  deep,  metal. 

Experiment  8 — Orifice  circular,  1J  in.  diameter,  thin 
plate,  horizontal. 

Experiment  9 — Orifice  circular,  2  in.  diameter,  thin  plate, 
horizontal. 

Experiment  10 — Ajutage  conical,  15-16  in.  diameter  at 
top,  13-16  in.  diameter  at  bottom,  1  1-16  in.  deep,  metal. 

Experiment  11 — Ajutage  conical,  15-16  in.  diameter  at 
top,  11-16  in.  diameter  at  bottom,  1  1-16  in.  deep,  metal. 

Experiment  12 — Ajutage  as  shown  in  figure,  wood. 

Experiment  13 — Ajutage  conical,  If  in.  diameter  at  top, 
1  in.  diameter  at  bottom,  13-16  in.  deep,  wood. 

Experiment  14 — Ajutage  as  shown  in  figure,  wood. 

Experiment  15 — Ajutage  conical,  1  9-16  in.  diameter  at 
top,  1  in.  diameter  at  bottom,  13-16  in.  deep,  wood. 

In  the  tables  the  flow  in  pounds  is  given  in  the  first  col¬ 
umn,  and  the  corresponding  times  in  minutes  and  seconds  in 
each  of  the  subsequent  columns  : 
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If  we  divide  the  linear  velocity  of  the  grain  hv  the  least 
diameter  of  the  orifice  we  shall  have,  in  the  case  of  Experiment 
1,  8.01;  Experiments  3  and  5,  7.13;  Experiment  8,  7.55;  Ex¬ 
periment  9,  7.31;  Experiment  6,  8.71;  Experiment  7,  8.4s — 
which  shows  that  the  rule  mentioned  above  for  determining  the 
efflux  is  only  roughly  approximate,  as  the  variations  are  too 
great  to  be  accounted  for  by  experimental  errors. 


Fig.  9. 


Fig  10. 


Fig- 


11. 
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In  order  to  investigate  still  further  the  phenomena  of  the 
How  of  grain,  the  author  prepared  a  box  with  a  glass  front  and 
an  oritice  in  the  bottom,  close  to  the  front,  that  could  be  opened 
and  closed  at  will.  He  then  took  some  wheat,  colored  a  por¬ 
tion  black  and  left  the  remainder  the  natural  color,  and  placed 
these  two  portions  in  the  box  in  alternate  horizontal  layers, 
photographed  it,  and  allowed  some  of  the  wheat  to  run  out 
through  4the  oritice,  then  photographed  it  again.  More  was 
then  allowed  to  run  out  and  another  photograph  taken,  and  so 
on  as  shown  in  figures. 

It  will  be  observed  that  the  moving  mass  of  grain  has  the 
form  of  an  inverted  cone,  with  the  apex  at  the  oritice,  and  that 
the  velocity  of  its  motion  diminishes  from  the  axis  toward  the 
sides,  so  that  nearly  all  the  grain  that  runs  out  is  a  column 
vertically  above  the  oritice,  and  as  fast  as  that  column  goes 
down  its  place  is  tilled  by  grain  running  in  from  the  top,  so 
that  the  top  of  a  bin  of  grain  runs  out  first — a  fact  which  is 
familiar  to  grain  men. 

In  the  present  paper  I  have  made  no  attempt  to  advance 
any  theory  to  explain  the  results  obtained,  for  the  reason  that 
I  have  not  }ret  succeeded  in  developing  an  entirely  satisfactory 
one.  But  I  will  make  a  few  suggestions,  which  possibly  some¬ 
body  may  be  able  to  follow  up  and  arrive  at  the  true  theory. 

It  seems  impossible  to  account  for  the  facts  by  considering 
the  grain  as  being  merely  retarded  in  its  fall  by  friction  against 
the  surrounding  particles  and  the  sides  of  the  orifice — first, 
because,  as  investigation  will  show,  the  friction  against  the 
surrounding  grains  is  sufficient  to  arrest  its  flow  altogether; 
and,  second,  because  the  velocity  of  efflux  would  not  be  inde¬ 
pendent  of  the  head,  which  fact  is  shown  very  conclusively  by 
the  diagrams,  which  are  all  so  nearly  straight  that  the  varia¬ 
tions  from  straightness  can  all  be  accounted  for  by  experimental 
errors  and  by  the  fact  that  the  grain  was  not  absolutely  homo¬ 
geneous. 

Some  of  the  results  of  these  experiments  would  seem  to 
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indicate  that  the  grain  forms  a  kind  of  an  arch  over  the  orifice, 
and  that  the  “voussoirs"  are  continually  falling  out  and  being 
replaced  by  others  coming  down  from  above.  If  that  is  the 
case,  the  velocity  of  efflux  is  equal  to  the  mean  velocity  due  to 
the  heights  of  the  various  points  in  the  arch  above  the  plane  of 
the  orifice,  plus  the  velocity  acquired  by  the  particles  above  in 
coming  down  to  the  arch.  This  hypothesis  accounts,  roughly, 
for  the  velocities  of  efflux  through  various  sizes  of  orifice. 

It  will  be  noticed  that,  in  all  the  experiments,  the  height 

due  to  the  velocity  is  only  a  fraction  of  an  inch.  The  form 

%-  %/ 

of  the  arch  might  approximate  a  parabola.  In  that  case  another 
similar  parabolic  arch  might  be  formed  above  the  first  one, 
springing  from  the  surface  of  the  grain  lying  below  the  angle 
of  repose,  and  from  this  the  particles  fall  down  to  the  surface 
of  the  first  one,  and  thus  a  series  of  arches  be  formed,  one 
above  another,  extending  up  to  the  upper  surface  of  the  grain. 
The  formation  of  these  arches  might  be  explained  by  the 
supposition  that,  while  the  column  of  particles  above  the  orifice 
is  prevented  from  falling  by  the  lateral  pressure  against  it, 
those  in  the  plane  of  the  orifice  and  within  a  certain  distance 
above  it  are  forced  out  by  that  same  lateral  pressure — accord¬ 
ing  to  the  theory  of  the  ellipsoid  of  stress — as  well  as  by  tin- 
weight  of  the  particles  above  them,  and  the  surface  of  tin- 
lower  arch  is  the  limit  above  which  the  lateral  pressure  of  the 
surrounding  particles  retards  the  falling  of  the  grain,  instead 
of  hastening  it. 

A  proper  investigation  of  the  matter  would  require  an 
extended  series  of  experiments  with  different  kinds  of  grains 
and  orifices  of  different  sizes  and  shapes.  The  mathematical 
investigation  may  be  found  to  be  very  complex. 

DISCUSSION. 

Mr.  Fisher — This  has  been  a  rather  interesting  change 
from  some  of  our  papers.  I  was  very  much  interested  in  this 
paper,  and  I  would  like  to  hear  from  any  of  the  members. 
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Mr.  Johnson — How  many  experiments  did  you  perform 
with  each  one  of  those  tests  ? 

Mr.  Whited — Only  one. 

Mr.  Johnson — Do  you  think  that  was  enough  to  get 
results?  Would  it  not  be  better  to  repeat  the  experiments 
several  times  ? 

Mr.  Whited — A  number  of  repetitions,  of  the  experi¬ 
ments  would  have  been  a  £ood  thin^,  but,  considering  the  fact 
that  each  one  involved  a  number  of  independent  observations 
-which  confirmed  each  other,  as  is  shown  by  the  fact  that  the 
diagrams  are  so  nearly  straight  lines,  the  experiments  are 
more  conclusive  than  would  appear  at  first  sight.  Each  little 
circle  in  the  diagrams  represents  an  observation. 

Mr.  Albree — Did  you  attempt  to  measure  the  pressure 
■due  to  the  height  of  the  grain?  Did  you  have  any  device  on 
the  side  of  the  box  so  you  could  take  the  lateral  pressure? 

Mr.  Whited — No,  sir. 

Mr.  Albree — Do  you  know  what  it  is  in  the  arch  ? 

Mr.  Whited — The  lateral  pressure  of  grain  is  doubtless 
subject  to  the  same  laws  as  the  lateral  pressure  of  earth,  which 
has  been  investigated  by  a  number  of  writers,  but  I  have  no 
experimental  data. 

Mr.  Snyder — Would  not  that  depend  more  on  the  angle 
of  repose? 

Mr.  Whited — It  is  about  25  to  26  degrees.  That  of  flax¬ 
seed  is  about  22  degrees. 

Mr.  Albree — Engineering  papers  in  the  last  year  pub¬ 
lished  a  description  of  the  failure  of  some  large  elevators  in  the 
Northwest,  due  entirely  to  that  lateral  pressure,  so  that  it  is 
very  important  in  structures  of  this  kind. 

Mr.  Whited — That  matter  is  certainly  very  important. 

I  suppose  these  failures  are  usually  due  to  ignorance  on  the 
part  of  the  designers.  I  have  known  designers  on  similar 
work  to  provide  adequate  strength  in  the  outside  walls,  but  to 
overlook  the  fact  that  one  bin  might  be  empty  and  an  adjoining 
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one  full,  and  make  the  partitions  too  weak.  I  will  make 
another  suggestion  :  It  is  well  known  that  when  bodies  in 
contact  are  subjected  to  shock  it  reduces  the  friction  between 
them.  The  constant  jar  to  which  elevators  are  subject  might 
reduce  the  friction  between  the  particles  of  grain  in  them,  and 
thus  make  the  lateral  pressure  considerably  greater  than  what 
experiments  would  indicate.  It  is  a  matter  of  common  observa¬ 
tion  that  the  sides  of  a  bin  continue  to  bulge  out  more  and 
more  for  some  time  after  it  has  been  tilled.  It  is  quite  possible 
that  this  is  due  to  the  jar  to  which  the  building  is  exposed. 
The  failure  of  a  bin  may  sometimes  be  caused  by  the  grain  in 
it  absorbing  moisture  and  swelling,  or,  if  the  bins  are  cvlin- 
drical  and  of  steel,  a  sudden  and  extreme  fall  in  the  tempera¬ 
ture  would  be  likely  to  make  the  steel  brittle  as  well  as  to  cool 
it  much  more  rapidly  than  the  grain  in  the  bin,  and  might 
cause  rupture. 

Member — Does  not  your  experience  go  to  show  that  the 
greater  the  pressure  the  faster  the  How  will  be? 

Mr.  Whited — It  does  not  seem  to  have  any  effect. 
These  experiments  are  published  more  for  the  sake  of  calling 
attention  to  the  subject.  The  results  are  quite  different  from 
what  would  be  expected.  A  person  would  naturally  expect 
that  the  flow  would  decrease  as  the  bin  became  empty,  but  this 
shows  that  it  does  not.  One  would  think  that  the  flow  would 
depend  on  the  area  of  the  oriffce,  but  it  seems  to  depend  on  the 
cube  of  the  diameter  of  the  orifice. 

Mr.  Snyder — Could  not  that  be  explained  partly  on  the 
ground  that,  as  the  grain  runs  out,  gradually  a  cone  forms 
and  that  cone  becomes  larger  all  the  time  with  a  smaller  and 
smaller  angle  between  the  surface  of  motion  and  the  horizontal 
but  this  increases  the  surface  of  motion  so  much  that  it  is 
sufficient  to  keep  up  the  quantity.  For  instance,  consider  the 
cone  when  flow  starts.  Gradually  the  cone  forms  standing  on 
its  apex.  The  cone  will  keep  getting  larger  and  larger,  the  sur¬ 
face  will  keep  increasing,  and  the  angle  that  makes  the  grain, 
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run  down  to  the  oritice  will  keep  growing  less,  but  the  surface 
over  which  the  strain  is  moving  is  increased. 

Member  —Would  it  make  any  difference  whether  the 
oritice  was  in  the  bottom  or  side  of  it  ? 

Mr.  Whited — The  experiments  that  I  made  showed  that 
the  flow  was  about  one-third  as  rapid  through  the  side  as  through 
the  bottom.  That  is,  no  doubt,  due  to  the  fact  that  the  lateral 
pressure  is  so  much  less  than  the  vertical  pressure.  I  have 
tried  various  ways  of  accounting  for  that  mathematically,  but 
could  not  do  it. 

Mr.  Fisher — Did  you  try  an  experiment  with  sand  to 
see  what  the  difference  would  be?  Don’t  you  think  that  the 
smaller  the  particles  the  nearer  it  would  approach  to  a  fluid  ? 

Mr.  Whited — I  did  not  try  any  experiments  with  sand, 
but  I  am  inclined  to  think  the  velocity  of  efflux  depends  on  the 
friction  between  the  particles  rather  than  on  their  size,  pro¬ 
vided  always  that  they  are  small  compared  with  the  orifice. 

Mr.  Johnson — This  whole  subject  is  quite  a  surprise  to 
me.  If  I  had  been  asked  the  question  before,  what  would 
be  the  proper  form  of  equation,  I  should  have  said  it  would 
simply  follow  the  lines  of  the  ordinary  formula  for  flow  of 
liquids,  but  since  listening  to  the  remarks  it  occurs  to  me 
that  the  explanation  may  be  this — that  those  particles,  being 
solid,  exert  friction  upon  each  other,  which  tends  to  hold  them 
back.  I  think  I  can  recall,  in  watching  the  flow  of  grain,  the 
lower  moves  down  and  the  upper  takes  its  place.  That  would 
probably  explain  the  pressure  that  graduates  the  velocity. 

Mr.  Fisher — Don't  you  suppose  it  would  be  more  nearly 
the  case  with  flaxseed  ?  Don’t  vou  think  the  flow  would  be 

1/ 

more  rapid? 

Mr.  Whited — The  efflux  of  ffaxseed  would  doubtless  be 
considerably  more  rapid  than  that  of  wheat,  on  account  of  the 
smaller  angle  of  repose.  If  we  could  get  a  substance  in  which 
there  was  no  friction  between  the  particles,  it  would  doubtless 
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follow  the  laws  of  efflux  of  liquids,  although  the  particles  were 
of  appreciable  size. 

Mr.  Johnson — I  would  suggest  that  if  Mr.  Whited  ever 

CP 

tried  to  tie  up  a  package  of  flaxseed  he  would  find  that  it  was 
difficult. 

Member — When  the  elevator  is  open  the  grain  doesn’t 
spout  out,  does  it  ? 

Mr.  Whited — Grain  will  not  flow  upward.  In  fact,  if  a 
hole  be  made  in  the  side  of  a  bin  of  grain,  it  will  not  flow  out 
unless  the  inclination  of  a  line  passing  through  the  top  edge  of 
the  hole  at  the  inside  and  the  bottom  edge  of  the  hole  at  the 
outside  is  greater  than  the  angle  of  repose  of  the  grain,  or  at 
least  nearly  as  great. 

(ZD 

Mr.  Snyder — Does  not  that  same  principle  of  flow  apply 
in  this  that  applies  in  the  hourglass — that  is,  the  amount  that 
runs  out  per  second  must  be  the  same  throughout  the  hour 
without  regard  to  variation  of  head,  in  order  that  the  time 
may  be  correct ' 

Mr.  Trinks — I  think  that  the  frictional  resistance  of  the 
grain  will  offer  the  only  explanation  for  the  results  of  Mr. 
Whited's  observations.  Suppose  we  have  an  opening  in  the 
bottom  of  the  vessel;  then  we  have  the  area  of  the  opening, 
which  will  determine  the  theoretical  efflux  of  the  grain.  At 

C 

the  same  time,  we  have  the  mantle  of  a  cylinder  above  the 
opening  that  causes  friction.  As  the  mantle  of  this  cylinder 
grows  with  the  diameter  of  the  opening,  whereas  the  area  of 
the  opening  grows  with  its  square,  the  ratio  between  the  area 
of  the  opening  and  the  resisting  area  is  in  proportion  to  the 
diameter  of  the  opening.  The  actual  efflux  of  the  grain  will 
therefore  be  determined  by  the  product  of  the  area  of  the 
opening  by  its  diameter,  which  would  explain  the  appearance 
of  the  cube.  This  is,  of  course,  a  very  rough  explanation,  but 
nevertheless  it  is  one. 

Mr.  Whited — Perhaps  a  more  extended  number  of 
experiments  would  show  a  different  result,  but  we  are  not 
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prepared  to  say  absolutely.  Some  substance  like  sand,  or 
wheat  free  from  chaff,  or  possibly  shot,  would  be  better  to 
experiment  with  than  anything  else. 

Mr.  Hirsch — Don’t  you  think  there  would  be  a  differ¬ 
ence  in  the  flow  of  shot,  on  account  of  the  greater  weight? 

Mr.  Whited — As  the  weight  increases  the  friction 
increases  in  the  same  ratio ;  therefore  I  hardly  think  the 
specific  gravity  would  make  any  difference,  although  the 
spherical  form  of  the  particles  might.  The  motion  of  a  heavy 
body  is  less  affected  by  the  resistance  of  the  air  than  that  of  a 
light  one,  but  these  velocities  are  so  low  that  the  effect  of  the 
resistance  of  the  air  is  extremelv  slight. 

Mr.  Albree — Mr.  Whited  said  that  there  was  a  sort  of 
a  hollow  inverted  cone  directly  over  the  orifice,  and  it  seems 
in  line  with  what  the  gentleman  said  that  the  larger  the 
bottom  opening  of  the  cone  the  greater  becomes  the  height  of 
that  cone.  The  nearer  the  edge  the  smaller  the  velocity 
would  be,  as  the  height  would  be  less,  but  as  the  opening 
became  larger,  of  course,  the  vertical  height  from  the  center 
of  the  orifice  would  be  greater,  and  each  particle  would  drop 
further  and  velocity  attained  increased,  hence  more  particles 
or  grains  would  pass  through  in  a  given  time,  due  to  this 
increase  of  velocity  at  time  of  reaching  plane  of  orifice;  and, 
from  Mr.  Whited’s  observations,  the  additional  velocity  gained 
would  seem  to  make  flow  vary  as  the  cube  of  the  diameter  of 
orifice,  instead  of  as  the  square,  as  one  would  naturally  suppose. 

Mr.  Whited — In  conclusion,  I  will  say  that  these  experi¬ 
ments  were  published  for  the  purpose  of  drawing  attention  to 
a  rather  interesting  field  of  research.  They  are  not  sufficiently 
numerous  nor  varied  to  prove  much  of  anything,  except  to 
show  pretty  conclusively  that  the  velocity  of  efflux  is  inde¬ 
pendent  of  the  head.  They  suggest  that  It  is  roughly  propor¬ 
tional  to  the  least  diameter  of  the  orifice  multiplied  by  its 
area,  but  the  variations  from  that  rule  are  so  wide  and  so 
irregular  that  some  other  relation  must  be  found,  and  when  it 
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is  found  it  will  doubtless  be  a  very  complex  mathematical 
expression,  involving  the  size  of  the  particles,  their  friction 
between  each  other  and  against  the  sides  of  the  orifice,  the  size 
and  shape  of  the  orifice,  and  perhaps  other  things. 

A  vote  of  thanks  was  tendered  Mr.  Whited  for  his  very 
instructive  discourse. 

On  motioh,  the  Society  adjourned  at  9:50. 

Charles  W.  Kidinger, 

Secret  (n*y . 
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MEETING  OF  CHEMICAL  SECTION. 

The  regular  monthly  meeting  of  the  Chemical  Section  was 
held  in  the  Society's  Rooms,  110  Penn  Avenue,  and  was  called 
to  order  bv  the  Chairman,  Mr.  A.  G.  McKenna. 

The  minutes  of  the  last  meeting  were  read  and  approved. 

The  Chairman  then  replied  to  a  criticism  of  his  paper, 
“ Method  of  Analysis  of  Tungsten  and  Chrome  Steels,”  made 
by  Mr.  O.  Herting,  in  the  Zeit.  fur  Angew.  Chem.  : 

CRITICAL  REMARKS  ON  McIvENNA'S  METHOD  OF 
ANALYSIS  OF  TUNGSTEN  AND  CHROME  STEELS. 
THE  DETERMINATION  OF  TUNGSTIC  ACID  AND 
SEPARATION  FROM  SILICA. 

BY  OTTO  HERTING,  PHILADELPHIA. 

Translated  from  Zeitschrift  far  Angew.  Chem.  1901,  p.  165. 

In  Volume  dT,  1900,  page  1186,  of  this  Journal,  the 
McKenna  Method  of  Analysis  of  Chrome  and  Tungsten  Steels 
was  described  in  the  form  of  an  abstract  from  the  Chemical 
News.  82,  67.  That  this  method  leads  to  incorrect  results  in 
the  cases  of  silicon,  sulphur  and  tungsten,  I  will  attempt  to 
prove,  and,  at  the  same  time,  give  the  methods  by  which  cor¬ 
rect  results  may  be  obtained. 

t j 

As  regards  the  determination  of  silicon,  Mr.  McKenna 
seems  to  be  unaware  that,  by  the  solution  of  an  iron  containing 
silicon  in  hydrochloric  acid,  there  is  always  volatile  Si  H+ 
formed  ;  hence  the  silicon  determination  comes  out  too  low. 
Every  iron  and  steel  chemist  always  uses  nitric  acid,  or  nitric 
acid  and  sulphuric  acid,  to  dissolve  when  silicon  is  to  be 
determined. 

The  determination  of  sulphur,  which  McKenna  unites  with 
that  of  silicon,  must  also  lead  to  incorrect  and  low  results, 
which  I  have  already  proven  in  the  article,  “The  Useful  Meth¬ 
ods  for  the  Determination  of  Sulphur  in  Iron,  Pyrites,  etc.” 
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(Cheni.  Ztg.,  1899,  23-25.)  In  this  article,  baaed  on  the  class¬ 
ical  works  of  Campredon  and  Schulte  (Stahl  in  Eisen,  1897, 
No.  12),  1  have  maintained:  “All  methods  which  rest  on  the 
evolution  of  II,  S  give  too  low  results,  unless  a  combustion 
tube  heated  to  a  low  red  is  interposed."  These  articles  have 
not  been  reproduced  in  the  Chemical  News,  and  for  this  reason, 
therefore,  have  probably  not  come  to  the  knowledge  of  Mr. 
McKenna. 

For  the  analysis  of  tungsten  iron  alloys  the  exact  determi¬ 
nation  of  tungsten  and  the  separation  from  silica  is  of  the 
greatest  importance.  As  regards  the  separation  from  Si  O.,  of 
Wo  03  I  can  maintain,  on  the  ground  of  many  experiments 
which  I  have  made  with  quantitative  mixtures  of  pure  tungstic 
acid  and  pure  ignited  silica,  that  the  methods  given  in  the  text 
books,  which  rest  on  the  volatilization  of  Si  O,  by  II  FI,  are 
incorrect.  There  must  be  formed  by  the  ignition  of  tungstic 
acid  and  silica  a  silico  tungstic  acid,  which,  treated  with  II  FI, 
is  volatile. 

For  the  analysis  of  a  ferro-tungsten  I  use  the  following 
method:  1.0  io  3.0  grams  of  the  sample  is  treated  with  aqua 
regia,  evaporated  to  dryness  twice  on  the  water-bath  with  II 
N  (),,  dried  at  120%  taken  up  with  dilute  II  N  Ot,  tiltered  and 
washed  with  the  same  dilute  acid;  there  remains  insoluble  Wo 
0.5,  Si  0„,  together  with  a  little  iron.  In  order  to  remove  the 
latter  the  residue  is  fused  with  Na,  C  0,,  taken  up  with  water, 
the  iron  tiltered  otI“  (this  is  afterwards  examined  for  silica)  ; 
the  filtrate  is  evaporated  to  dryness  twice  with  II  N  (%,  taken 
up  with  dilute  II  N  Of  and  tiltered.  The  residue,  consisting 
of  Si  O,  and  Wo  O  .  is  ignited  and  weighed,  then  carefully 
fused  with  five  times  its  weight  of  K  II  S  ()  ,  and  the  fusion 
digested  with  a  weak  ammonium  carbonate  solution,  whereby 
the  Wo  O  goes  into  solution  and  a  smooth  separation  is 
obtained. 

Certainly,  this  method  requires  much  time,  but  it  gives 
satisfactory'  results. 
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In  conclusion,  I  would  like  to  mention  that,  while  Mr. 

McKenna  dissolves  so  readily  tungsten  chrome  iron  alloys  in 

acids,  I  have  never  been  able  to  do  this  with  chrome  alloys. 

I  have  always  had  to  make  a  fusion  with  sodium  potassium, 

carbonate  and  magnesia. 

© 

As  regards  the  chrome  determination  which  McKenna 
mentions,  the  same  is  already  fully  described  in  Ledebur’s 
Leitfaden  fur  Eisenhuttenlaboratorien,  1895,  p.  36. 

It  would  please  me  much  if  these  lines  should  cause  more 
study  of  the  “Action  of  Hydrofluoric  Acid  on  Tungstic  Acid 
in  the  Presence  of  Silica.” 


A  REPLY  TO  THE  ABOVE. 

BY  A.  G.  M’KENNA. 

In  the  seventh  number  of  the  Zeitschrift  fur  Angew.  Chemie 
appears  the  above  somewhat  caustic  criticism  by  Mr.  Herting, 
of  Philadelphia,  on  the  method  I  use  in  analyzing  chrome  and 
tungsten  steels,  described  by  me  in  a  paper  read  before  the 
Chemical  Section  of  the  Engineer's’  Society  of  Western  Penn¬ 
sylvania,  in  April,  1900. 

Mr.  Herting,  who  appears  to  prefer  to  obtain  his  chemical 
information  from  German  sources,  bases  his  criticisms  on  a 
translated  abbreviated  abstract  of  a  reprint  in  the  Chemical 
Yews,  and  has  apparently  not  considered  it  worth  while  to 
consult  the  original  article  before  criticising  it.  His  first 
statement  is  that,  by  the  solution  of  an  iron  in  H  Cl,  volatile  Si 
H  forms,  causing  low  results;  also  that  “every  iron  and  steel 
chemist  always  uses  nitric  acid,  or  nitric  and  sulphuric,  in 
dissolving  irons  for  silicon  determinations.  ’  ’  If  our  collection 
of  methods  used  in  the  iron  and  steel  works  near  Pittsburg 
had  been  translated  into  German,  Mr.  Herting  would  probably 
have  known  that  in  the  laboratory  of  the  largest  iron  and  steel 
works  in  the  world — that  of  Edgar  Thomson — 99%  of  all 
silicon  determinations  are  made  by  solution  in  H  Cl,  and  that 


MEETING  OF  THE  CHEMICAL  SECTION. 


133 


at  least  one-half  the  iron  and  steel  chemists  who  described 
their  methods  at  our  request  do  not  use  nitric  acid.  I  would 
suggest  that,  before  making  any  more  sweeping  assertions  a> 
to  what  “every  iron  and  steel  chemist  always  does,"  he 
should  obtain  some  slight  knowledge  on  the  subject,  either 
by  visiting  tlie  laboratories  in  the  western  end  of  his  State, 
where  most  of  the  iron  and  steel  is  made,  or  by  consulting  the 
above  collection  of  methods  in  use  here,  lie  might  also  refer 
to  Fresenius,  who  recommends  solution  in  II  Cl. 

Any  chemist  who  wishes  to  know  whether  there  is  the 
«/ 

slightest  truth  in  the  statement  that  silicon  is  lost  by  volatiliza¬ 
tion  with  H  Cl  has  only  to  make  duplicate  determinations  by 
H  Cl  and  by  Id  N  03.  At  my  request  Mr.  J.  M.  Camp, 
chemist  at  the  Duquesne  Steel  AVorks,  and  Air.  *J.  A.  Mohr, 
chemist  at  the  Carrie  Furnaces,  have  done  this,  and  both  have 
written  me  there  is  no  difference  in  the  results. 

In  regard  to  the  evolution  sulphur  method,  Air.  Herting 

seems  recently  to  have  discovered  what  has  been  a  matter  of 

common  knowledge  among  the  iron  and  steel  chemists  of  this 

section  for  at  least  ten  years — that  is,  that  low  results  are 

obtained  by  the  evolution  method  if  the  theoretical  factor  is 
•/ 

used.  His  charitable  assumption  that  I  am  ignorant  of  this 
fact,  because  his  article  of  1899  on  the  subject  was  not 
reprinted  in  the  Chemical  News,  would  not  have  been 
necessary  had  he  taken  the  pains  to  refer  to  my  original 
article,  since  I  there  plainly  state  that  when  cold  acid  is 
used  lower  results  are  obtained.  (In  the  abstract  this  was 
not  mentioned.) 

Air.  F.  II.  Williams,  in  November,  1892,  read  before 
this  Section  a  paper,  in  which  he  gave  results  showing  that 
by  the  use  of  hot  acid  higher  results  are  obtained  by  evolu¬ 
tion  than  when  cold  acid  is  used,  although  these  results  are 
still  a  trifle  below  aqua  regia  method  results.  Mr.  S.  A. 
Ford,  in  whose  laboratory  I  was  then  employed,  stated 
during  the  discussion  of  the  paper  that  he  had  known  for 
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years  that  part  of  the  sulphur  was  evolved  in  a  form  which 
was  not  absorbed. 

Dr.  F.  C.  Phillips,  who  took  part  in  the  discussion,  was 
incited  thereby  to  investigate  the  question  thoroughly,  and 
published  his  results  in  November,  1895,  in  the  American 
Chemical  Journal.  The  classical  work  of  Campredon  and 
Shulte,  in  1897,  merely  confirmed  Dr.  Phillips7  results.  In 
view  of  these  facts  it  may  well  be  doubted  whether  our 
knowledge  on  the  subject  would  have  been  materially 
increased,  even  if  the  Chemical  News  had  reprinted  Mr. 
Herting’s  belated  article  based  on  Campredon  and  Shulte’s 
classical  work. 

In  spite,  however,  of  the  above  mentioned  facts,  it  is  still 
customary,  in  the  vast  majority  of  iron  and  steel  laboratories, 
to  make  nearly  all  sulphur  determinations  by  evolution,  mini¬ 
mizing  the  error,  as  far  as  possible,  by  standardizing  the 
iodine  solution  against  a  similar  iron  or  steel  of  known  sulphur 
contents.  Thus,  at  the  Edgar  Thomson  Steel  Works  labora¬ 
tory,  different  factors  are  used  for  the  same  iodine  solution, 
according  to  whether  the  sample  is  a  chilled  iron  or  a  pig  iron 
or  steel. 

Mr.  Herting’s  next  objection  is  to  the  separation  of  silica 
from  tungstic  acid  by  volatilization  with  H  FI.  As  far  as  I 
have  been  able  to  determine,  his  assumption  of  the  formation 
of  a  volatile  silico- tungstic  acid  is  purely  imaginary.  Arnold, 
in  his  Steel  Works  Analysis,  page  136,  says:  “The  alleged 
liability  of  Wo  O.,  to  volatize  with  silicon  unless  H0  S  04  is 
present  has  no  foundation  in  fact.”  I  have  treated  weighed 
quantities  of  ignited  silica  and  tungstic  acid  with  H  FI,  and  in 
no  case  have  found  a  loss  of  tungstic  acid.  At  my  request 
Dr.  K.  F.  Stahl,  of  the  General  Chemical  Company,  J.  M. 
Camp  and  J.  A.  Mohr,  have  investigated  the  matter,  and  all 
have  writen  me  there  is  no  evidence  of  loss  of  tungstic  acid  on 
their  repeating  the  tests. 

Mr.  Herting  next  describes  his  method  of  determining 

c:  O 
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tungsten  in  a  ferro- tungsten,  which  appears  to  he  his  idea 
of  fulfilling  the  promise  he  makes  in  the  beginning  of  his 
paper  to  describe  the  methods  \)\  which  correct  results  can 
be  obtained  in  the  complete  analysis  of  alloy  steels.  Of  this 
method  I  will  only  say,  life  is  short.  It  involves  live  evap¬ 
orations,  two  fusions,  five  tiltiations,  one  extraction,  and 
determines  tungsten. 


He  next  complains  that  he  lias  never  been  able  to  dissolve 
chrome  alloys  in  acids.  Can  it  be  he  has  been  attempting  to 
analyze  a  ferro-chrome  by  the  methods  I  described  for  chrome 
steels '  I  have  dissolved  many  thousand  samples  of  chrome 
steels  in  acid,  and  have  vet  to  find  one  in  which  residue  was 
not  completely  volatile  with  II  FI.  Perhaps  Mr.  Ilerting  will 
explain  this  by  assuming  a  volatile  compound  of  silico-chrome 
with  H  FI  ? 

Mr.  Herting's  parting  remark  is  that  the  method  for 
chromium  was  fully  described  by  Ledebur,  in  1895,  in  his 
Leitfaden  fur  Eisenhutten  laboratories,  page  3fi.  Here,  again, 
Mr.  Herting  would  have  been  spared  the  necessity  of  making 
this  unjust  accusation  if  he  had  carefully  read  my  article  in 
full,  as  he  would  have  found  1  titrated  chromium  in  a  nitric 
acid  solution  after  oxidation  to  chromic  acid  by  potassium 
chlorate,  an  entirely  different  method  from  that  described  by 
Ledebur. 


After  an  interesting  discussion  relative  to  this  paper,  the 
meeting  adjourned. 


A.  Cross, 

Seer*,  (art/. 
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CONTRIBUTIONS  ON  THE  SUBJECT  OF 
TECHNICAL  SCHOOLS. 

To  the  Members  of  the  Engineers’  Society  of  Western 
Pennsylvania  : 

Referring  to  the  question  before  the  Society  regarding  the 
character  of  the  school  about  to  be  established  in  this  city 
through  the  liberality  of  Mr.  Andrew  Carnegie,  it  would  seem 
as  if- the  wishes  of  the  donor  and  the  best  interests  of  the  com¬ 
munity  will  both  be  subserved  by  rendering  the  institution  of 
advantage  to  the  largest  possible  number  of  persons,  and  to  the 
class  which  linds  it  most  difficult  to  profit  by  existing  educa¬ 
tional  opportunities  to  rise  above  the  condition  in  which 
adverse  circumstances  or  the  accident  of  birth  has  placed  them. 
It  appears  to  be  Mr.  Carnegie’s  opinion  that,  since  the  wealth 
has  come  to  him  largely  as  the  result  of  the  exertions  of  great 
numbers  of  persons  working  as  unknown  units  in  the  giant 
industries  which  he  established,  and,  since  he  cannot  distribute 
it  back  again  amongst  the  individuals  who  helped  him  acquire 
it,  the  next  best  thing  to  do  will  be  to  found  institutions  that 
will  benefit  others  of  the  same  class — viz.,  artisans,  mechanics, 
clerks,  bookkeepers  and  others,  down  to  the  lowest  grade  of 
laborers — and  give  them  an  opportunity  of  showing  what  tal¬ 
ents  are  latent  in  them,  and  of  doing  work  of  greater  benefit 
both  to  themselves  and  the  community.  No  one  circumstance 
has  militated  against  the  interests  of  this  class  of  young  men 
to  such  an  extent  as  the  severe  requirements  and  hard  and  fast 
rules  of  the  better  grade  of  educational  institutions.  Just  why 
a  man  must  be  compelled  to  study  a  foreign  language  before 
being  permitted  to  learn  engineering  in  English  is  difficult  to 
understand,  although,  on  the  other  hand,  the  advantages  of  a 
knowledge  of  other  tongues  than  one’s  own  is  too  apparent  to 
require  argument.  It  is  often  the  case,  however,  that  these 
advantages  are  purchased  at  too  high  a  price;  and  college  rules 
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might  well  he  so  flexible  as  t<>  allow  the  student  of  engineering 
to  omit  the  study  of  languages  should  he  feel  that,  from  any 
cause,  he  is  not  capable  of  doing  justice  to  them  and  to  the 
other  subjects  also.  Engineering  science  includes  so  much, 
and  the  study  of  even  a  single  branch  must  be  supplemented 
by  a  general  knowledge  of  those  closely  allied  to  it,  so  that  the 
average  man  has  all  he  can  do  to  master  the  essentials  of  his 
profession  in  the  time  he  is  able  to  devote  to  it.  The  mental 
development  which  comes  from  a  study  of  language  can  be 
attained  just  as  fully  by  devoting  the  same  effort  to  the  acquire¬ 
ment  of  a  more  thorough  knowledge  of  engineering  and  sub- 
jects  which  are  closely  related  thereto.  While  a  few,  with 
exceptionally  active  mental  organisms,  are  able  to  acquire  a 
working  knowledge  of  one  or  more  foreign  languages  without 
serious  detriment  to  their  engineering  studies,  there  are  many 
who  are  capable  of  developing  into  engineers  of  the  highest 
order  to  whom  the  study  of  languages  is  extremely  irksome 
and  distasteful.  They  do  not  see  the  need  of  it,  and,  resenting 
the  requirement  as  a  needless  addition  to  their  burdens,  they 
stop  short  of  the  point  which  would  render  it  of  much  use  to 
them  in  after  life.  The  men  who  are  capable,  mentally  and 
financially,  of  meeting  the  requirements  of  existing  seats  of 
learning,  are  the  ones  who  need  least  to  profit  by  Mr. 
Carnegie’s  liberality,  and  they  are,  at  the  same  time,  the  ones 
whom  he  seems  least  desirous  of  benefiting,  being  most  abund¬ 
antly  able  to  care  for  themselves.  By  all  means,  let  the  school 
he  establishes  teach  what  the  masses  of  the  people  most  need  to 
learn  as  a  supplement  to  the  training  given  in  the  public 
schools  ;  let  it  render  the  path  to  knowledge  as  easy  for  them 
as  possible  ;  let  the  training  in  any  given  branch  be  as  thor¬ 
ough  as  need  be  ;  let  it  reach  as  far  as  is  desirable  into  those 
which  are  closely  allied  to  it,  but  let  it  not  be  burdened  with 
subjects  which  are  entirely  foreign  to  it  as  well  as  distasteful 
to  the  student. 


Gerald  E.  Flanagan. 


138  ENGINEERS’  SOCIETY  OF  WESTERN  PENNSYLVANIA. 

General  Offices  Penn  a.  Lines  West  of  Pittsburgh. 

Pittsburgh,  April  27th,  1901. 

Mr.  F.  Z.  Schellenberg,  Chairman  Committee  on  Techni¬ 
cal  Schools: 

Dear  Sir  : — Were  it  not  for  the  earnest  invitation  of 
your  committee  I  should  feel  that  this  was  not  ground  on 
which  I  had  any  right  to  be  heard. 

After  hearing  what  was  said  at  the  meeting  of  February 
18th,  and  again  reading  over  the  very  sensible  remarks  made 
on  the  subject,  it  only  occurs  to  me  to  add  that  what  I,  person¬ 
ally,  should  like  to  see  would  be  a  school,  the  aim  of  which 
would  be  to  assist  the  bov  in  finding  out  what  his  most  suit- 
able  life  work  was  to  be.  (Bole  p.  66.)  So  many  men  of 
great  natural  aptitude  do  not  know  at  the  age  of  14  to  16  what 
they  are  really  fitted  for.  If  the  boy  could  be  studied  as  well 
as  taught  it  seems  to  me  it  would  be  a  great  gain. 

I  heartily  agree  with  what  is  said  about  founding  a  Man¬ 
ual  Training:  School  rather  than  a  Scientific  or  Technical  School; 
at  the  same  time  I  can  see  that  among  these  pupils  would  be 
those  who  showed  aptitude  for  higher  scientific  education,  but 
the  way  I  would  meet  this  case  would  be  by  the  bestowal  of  a 
limited  number  of  scholarships  in  our  higher  educational  estab¬ 
lishments,  to  be  given  to  those  of  exceptional  ability. 

The  school  should  by  all  means  be  perfectly  free  in  my 
opinion,  and  it  should  be  possible  to  enter  it  not  only  in  the 
natural  course,  from  the  lower  Manual  Training  Schools,  but 
also  independently  from  the  outside,  by  examination.  And 
here  let  me  say  that  I  have  heard  what  seem  to  me  just  com¬ 
plaints  about  the  Utopian  character  of  many  examinations.  I 
hope  the  example  will  not  be  followed  here ;  an  examination 
surely  should  embrace  such  subjects,  and  only  such  as  are 
indispensable  for  the  student  in  order  that  he  may  pursue 
his  studies  with  any  hope  of  satisfaction  to  himself  or  his 
teacher.  I  am  informed,  for  instance,  that  in  some  cases  a 
knowledge  of  French  and  German  (the  smattering  that  is 
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ordinarily  learned  at  school),  is  considered  a  prerequisite  for 
entrance  to  certain  Scientific  and  Engineering  Schools,  on  the 
ground  that  many  scientific  and  engineering  works  are  written 
in  these  languages  ;  which  is  true,  while  the  inference  is  false 

CO7  7 

that  a  man  cannot  become  a  very  accomplished  engineer  whose 
knowledge  of  language  is  confined  to  the  English  tongue.  The 
acquisition  of  one  or  both  of  these  languages,  as  well  as  Latin 
and  Greek  is  a  luxury,  and  the  man  who  has  the  time  may 
well  pursue  it,  it  will  broaden  his  mind  but  it  is  not  a  necessity 
in  order  that  he  should  become  a  good  engineer  or  earn  a  good 

Yours  respectfully, 

Edmund  Yardley. 


living  in  other  lines. 


\Y.  Dewees  Wood  Company  Department,  Yandergrift 

Building. 

Pittsburgh,  April  30,  1901. 

Mr.  C.  W.  Kidinger,  410  Penn  Avenue,  Pittsburgh,  Pa. 

Dear  Sir  : — I  am  sorry  to  be  so  late  with  my  opinion 
asked  for  by  the  Society,  but  have  been  laid  up  with  grip, 
which  is  my  excuse. 

I  can  only  say  in  reference  to  the  subject  of  the  Carnegie 
Technical  School,  that  I  agree  entirely  with  Mr.  Albree,  Mr. 
Bole  and  those  who  think  a  Manual  Training  School  would  be 
preferable  to  a  Scientific  School  of  a  very  high  order.  We 
have  schools  enough  of  this  type  at  present,  but  not  nearly 
enough  of  the  other  class.  The  expensive  Technical  School, 
the  boy  of  exceptional  ability  will,  in  most  cases,  find  a  way 
of  reaching  ;  but  a  school  to  serve  the  thousands  who  cannot 
afford  time  and  money  fora  long  engineering  education  would 
be  of  inestimable  value  for  the  city  of  Pittsburgh,  and,  for  the 
matter  of  that,  for  the  country  in  general.  Yours  truly, 

Samuel  B.  Ely,  Chief  Engineer. 

By  F.  Z.  Schellenberg  : 

It  is  in  our  minds  that  the  education  of  youth  in  this 
community  is  to  be  profoundly  influenced  by  Andrew  Car- 
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negie's  great  initiative  for  having  oar  practical  mechanics, 
technologists,  and  workmen  skilled  in  producing  and  applying 
power  in  manufacture,  more  intelligently  such  by  proper 
schooling  of  each  one  in  advance  of  his  calling  and  parallel 
with  its  pursuit  in  his  later  years  ;  and  for  rearing  competent 
executives  of  the  different  grades  of  responsibility  at  the 
works,  by  training  based  on  education  ;  because  men  in  routine 
work  should  have  still  better  guidance  than  has  arisen  from 
service  in  the  ranks  or  in  supervision  in  shop  or  office,  or  yet 
outside  :  and  so  to  have  the  whole  force  of  men  in  the  great 
industries  of  the  city  more  capable. 

We  believe  that  education  in  everv  grade,  combining  the 
application  to  useful  work  ,with  the  abstract  teaching,  will 
make  a  haler  human  life  and  then  a  citizenship  abler  in  the 
conflict  with  the  parasites  that  thrive  on  ignorance  and  preju¬ 
dice. 

A  study  of  the  subject  indicates  that  the  modification  of 
public  school  instruction,  already  begun  by  the  introduction  of 
the  Kindergarten  and  the  Manual  Training  School,  should  pro¬ 
ceed  therewith  and  afterwards  elsewhere,  to  having  a  series  of 
courses  technical  to  the  degree  that  a  youth  may  step  out  at 
any  point  better  prepared  to  start  in  the  direction  of  his. 
ambition  earning  a  livelihood. 

The  charge  against  the  common  school  system  has  con¬ 
tinued  to  be  that  pupils  are  fitted  only  for  becoming  clerks, 
and  the  Normal  Schools,  then,  train  only  for  school  teaching. 

With  the  advance  of  general  intelligence  and  the  greater 
centering  of  population  in  cities,  the  want  there,  at  least,  is 
perceived  of  training  in  school  measurably  practical  for  all  the 
youth.  Such  a  lack  in  education  is  not  apparent  to  the  popu¬ 
lation  with  its  short-term  public  schools  in  the  farming  dis¬ 
tricts,  where  environment  lends  itself  to  activity,  suiting  the 
many  that  feel  at  home  there  for  the  time.  But  it  seems  safe 
to  assert  that  the  people  generally  believe  the  lessons  in  lan¬ 
guage  are  too  large  and  unpractical  as  in  essential  natural 
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science  they  are  too  small  and  unpractical  in  all  their  school^- 
The  symmetrical  cultivation  of  the  understanding  and  of 
reason  in  all  men  by  work,  study,  and  observation  may  l»e 
enhanced  and  their  vocations  lifted  to  a  higher  plane,  by  wide 
knowledge  of  the  greater  languages  and  by  travel ;  but  justice 
to  bright  minds  and  talents  is  in  the  earlier  and  completer 
opportunity  for,  and  the  more  natural  order  and  proportioning 
of,  studies  and  activities — to  the  end  of  real  thinking  and 
doing — than  is  commonly  afforded  under  present  conditions  of 
education  and  otherwise.  Schopenhauer  says,  “Men  of 
learning  are  those  who  have  done  their  reading  in  the  pages  of 
a  book.  Thinkers  and  men  of  genius  are  those  who  have 
gone  straight  to  the  book  of  nature  ;  it  is  they  who  have 
enlightened  the  world  and  carried  humanity  further  on  its 
wav. " 


Taking  Europe  into  account,  fifty  kinds  of  Trade  Schools 
could  be  enumerated  as  having  been  established.  There  they 
offer  to  give  the  special  preparation  for  doing  profitable  hand 
work  in  some  one  industry  with  its  variations,  and  are  in  gen¬ 
eral  suited  to  the  locality.  Some  of  them  turn  out  commercial 
products — where  they  have  work-shop  equipment — and  such 
schools  may  till  the  place  of  the  old  apprentice  system  in  the 
mechanic  arts,  that  was  lost  after  the  large  factories — so  much 
differentiating  the  labor — came  up,  and  can  do  more  than  was 
done  for  the  apprentice  under  the  indenture,  promising  to  im¬ 
part  to  him  “the  whole  art  and  mystery. " 

Many  of  the  foreign  schools  are  under  public  auspices  of 
town,  province  and  state,  especially  those  for  introducing  new 
industries  or  reviving  old  ones  aided  by  new  appliances  where 
peculiar  conditions  call  for  a  foundation,  as  in  ancient  settle¬ 
ments  isolated  among  the  mountains,  on  the  sea-coast,  or  in 
small  islands.  And  there  are  the  Special  Industrial  Schools 
for  the  preparation  of  youth  to  work  in  the  departments  of  a 
particular  manufacturing  business — from  producing  to  mar¬ 
keting — the  teaching  of  the  technics  for  designing,  manipulat- 
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ing,  and  selling  at  home  or  abroad  ;  this  commercial  branch 
reaching  also  the  requirement  of  workable  knowledge  of  for¬ 
eign  languages,  which  comes  easy  to  those  conversant  with 
two  languages. 

The  thorough  technical  training  of  the  country  is  evi¬ 
denced  by  the  detail  touched  upon  in  the  annual  report  of  the 
public  experimental  station  in  a  German  State,  at  which  sta¬ 
tion  young  men  of  the  higher  schools  assist.  The  department 
for  testing  metals  for  the  authorities  and  for  private  account 
made  thousands  of  trials.  (1)  Bridge  members  were  proved 
for  resistance  to  tension  and  bending  strains,  each  particular 
material  being  also  investigated  as  to  the  influences  of  minor 
changes — of  shape,  of  annealing  and  temperature  ;  (2)  axles 
of  various  cross-sections,  but  of  same  bars,  were  comparatively 
tested  with  reference  to  the  effects  of  forging  and  of  machin¬ 
ing,  after  twisting  twice  around  the  axis  (and  it  is  stated  less 
weakening  resulted  than  apparently  due  from  reduction  in 
section) ;  (3)  trials  of  alloys  for  bearings,  under  proper  lubri¬ 
cation,  to  obtain  the  frictional  resistance  at  various  speeds  and 
under  various  pressures  ;  (4)  trials  in  building  constructions, 
as  with  a  wide  flight  of  stairs,  the  lower  tread  being  supported 
its  whole  length,  and  the  upper  four  treads  put  under  dis¬ 
tributed  hydraulic  pressure,  the  stress  of  the  parts  were 
measured  ;  (5)  testing  effect  of  weight  on  bicycle  having  felloes 
entire — without  joints. 

A  500-ton  testing  machine  proved  heaviest  chain  links, 
improved  kinds  of  wire  ropes,  cast  iron  and  riveted  columns. 
Twelve  opinions  given  included,  two  as  to  brittleness  in  ma¬ 
terials,  discussion  of  changes  in  outer  zone  and  the  core  of 
rolls,  effect  of  punching,  etc.;  three  opinions  as  to  judging 
deliveries  of  zinc  sheets,  wires  and  pipes;  and  others  on  the 
hardening  of  car-wheel  rims,  the  peculiarities  in  chains  of 
various  shapes,  the  method  of  hearth  grate  construction,  etc. 

Large  experiments,  mentioned  as  joint  ones,  progressed 
to  conclusion  with  makers  of  iron-nickel  allovs,  and  new  ones 
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are  on  nickel -manganese;  and  trials  were  made  as  to  the  rusting 
of  crude  and  refined  sheet  metal,  the  effect  to  over-straining  of 
shocks  on  wire  ropes. 

It  seems  too  much  to  enumerate  experiments — chemical, 
microscopic,  electrical  and  by  etching  and  photographing,  as 
well  as  direct  mechanical  and  thermic — to  determine  change  in 
the  relation  of  the  constituents  in  the  usable  metals,  of  their 
intimate  jointing  structure,  the  effect  of  temperature,  of 
water,  etc. 

The  provings  of  building  materials  ran  to  tens  of  thou¬ 
sands  for  the  year,  and  woods,  paints,  papers  anl  oils  are  also 
prominent. 

Water,  metals,  alloys,  ores,  oxides,  minerals,  limestone, 
lime,  cement,  sand,  mortar,  clay  and  glazings  are  mentioned, 
and  the  technology  is  also  of  the  organic  compounds  and 
derivatives. 

We  know,  of  course,  that  the  United  States  Government 
has  a  1,000-ton  testing  machine  at  Water vliet  Arsenal  for 
proving  the  changes  from  strains  in  large  sized  bodies  of  ma¬ 
terial  for  government  use,  and  also  for  private  account;  and 
such  machines  are  of  invaluable  usefulness,  for  from  the  test¬ 
ing  of  full  size  members  only  for  a  structure  can  its  factor  of 
safety  be  surmised.  The  finding  based  on  testing  the  strength 
of  pieces  ot  material  has  been  dubbed  “the  factor  of 
ignorance.” 

c 

As  leading  manufactures  in  our  country  and  managers  of 
works — where  deeper  knowledge  of  the  processes  make  for 
progress  and  so  is  valued  in  degree  in  all  who  take  part 
express  the  desire  for  better  training  of  the  novices  in  all 
branches  of  their  business,  and  want  better  material  to  make 
craftsmen  of  than  the  raw,  slangy  boys,  and  having  had  the 
examples  of  success  in  foreign  countries  (where  some  things 
are  done  better)  before  them,  their  tentative  movements  seem 
to  be  strengthening  for  best  results,  as  now  bv  the  discussion 
among  the  associated  foundrvmen.  It  therefore  looks  as  if 

O  * 
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schools  of  the  trade,  giving  the  first  technique,  will  be  estab¬ 
lished,  especially  where  they  may  follow  manual  training  in 
the  schools  of  the  city.  They  will  belong  to  one  or  more  of 
the  works  and  be  near  the  abodes  of  the  workingmen. 

Everybody  joins  in  the  call  for  practical  advancement  in 
applied  science — thus  giving  the  new  artisans  and  the  rest  the 
benefit  of  its  plain  exercise — and  with  the  hope  of  helping 
gifted,  strong  beginners  to  the  enjoyment  of  happiness  in 
building  up  a  virile  mind  and  body  in  the  consciousness  of 
honest  endeavor  reaching  to  excellence. 

We  have  some  of  our  higher  institutions  giving  short 
courses  in  Ceramics,  Mining,  Electricity,  etc.,  to  enable  men 
who  have  lifted  themselves  by  study,  while  at  work  earning  a 
living,  to  acquire  technology  and  engineering.  And  so  do  the 
correspondence  schools  help  thousands  on,  and  these  generally 
who  themselves  know  that  early  education  did  not 
fulfill  its  intention  for  them. 

Self-made  men  are  the  ones  who  often  best  appreciate 
what  education  should  do  in  the  end,  if  not  what  it  should  be  in 
means;  and  they  have,  from  experience,  a  truer  understanding 
of  what  perfected  manhood  is  than  those  others  who,  leaning 
on  their  early  advantages  as  prerogative,  feel  conservative,  if 
not  complacent. 

Our  considerations  for  promoting  the  youth  growing  up 
in  the  manufacturing  city  to  a  fairer  future  are  not  expected 
to  be  exhaustive  of  the  whole  subject  of  industrial  and  civil 
education — many  men  of  experience  must  contribute  to  the 
thought,  and  some  should  then  actually  help  on  in  the  teaching 
to  give  this  right  directions  at  times — but  the  half  due  every- 
where  must  not  be  omitted  ;  co-education,  or  an  equal  chance 
for  women,  is  to  be  understood,  reasonably  ;  for  preeminent 
must  remain  her  function  as  the  home-maker. 

It  is  submitted  that  with  the  rest — the  rudimentary  free 
schooling,  and  the  preparatory  first  technique  or  working 
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deciding  the  bent  to  an  industrial  occupation — there  is  prima¬ 
rily  needed  in  the  city  an  institution  giving  courses  of  educa- 

*/  C7  O 

tion,  technical  in  aid  of  practical  training  for  the  pursuit  of 
the  economic  arts,  and  for  thoroughness  in  artisans  and  other 
skilled  workmen  ;  liberal  for  intelligence  and  common  sense  as 
of  obligations,  rights,  and  the  principles  of  law;  firstly,  to  the 
younger  earnest  people  proved  as  deserving  and  matriculating 
to  the  lecture  rooms,  experimental  laboratories,  etc.,  on  exam¬ 
ination  and  payment  of  small  fees,  and  secondly,  for  the  other 
and  the  older  inhabitants  of  the  town  that  would  improve  in 
mathematical  and  other  scientific  studies,  in  economics,  in 
language,  and  in  history. 

All  the  hours  of  the  morning  and  evening  being  occupied 
in  liberating  from  ignorance  eager  learners  of  all  receptive 
ages  ;  and  besides  the  regular  teachers  having  expert  business 
men  brought  in  and  paid  to  tell  responsibly  of  particular 
progress  in  the  living  present. 

It  may  be  discriminated  that  history's  domains  as  em- 
bracing  other  fields  than  the  political,  to  which  its  common 
school  teaching  has  been  almost  restricted,  if  entered  into  and 
explored  under  sane,  philosophic  teachers,  offers  more  than 
all  other  subjects  of  learning  to  the  mature  of  every  station  in 
life  who  love  to  have  a  healthy,  well  informed  opinion  of  the 
world.  And  so  will  economics,  from  the  household's  to  the 
state's,  interest  very  many — awaken  responsibility  and  make 
plainer  the  duty  in  the  home  and  to  the  fellow  citizen. 

Such  an  institution  would  tacitly  be  the  academy  or  sem- 

inary  of  the  aspiring  of  the  middle  class  which  needs  no 

definition  but  has  come  to  include  also  the  workmen  not  called 

'Workingmen,  and  is  the  respectable  body  of  the  people  that  is 

singularly  the  potential  conservatory  of  progressive  civilization 

and  liberty. 

•/ 

The  simple  name  Carnegie  College  will  stand  for  e  en  ¬ 
tiling  said  above,  and  more.  The  names  Polytechnic  and  Tech- 
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nological  have  attached  to  the  schools  for  the  professional 
engineers  as  distinguished  from  the  Universities  preparing  of 
old  for  the  three  professions  :  theology,  law  and  medicine. 
Now  they,  the  Universities,  and  these  the  established  profes¬ 
sional  men,  admit  and  recognize  the  engineers,  chemists,  and 
astronomers,  and  means  are  provided  for  the  full  training  of 
them,  as  in  our  Western  University  of  Pennsylvania,  of 
whose  equipment  in  practicable  apparatus,  power  tools  in  use, 
etc.,  it  is  feared  our  own  people  have  too  little  knowledge. 
And  we  find  the  Agricultural  College  raising  up  engineers  as  a 
State  Mining  School  may  produce  electricians — engineering 
having  widened  and  specialized  just  when  the  title  of  a  profes¬ 
sion  was  accorded. 

Technicists  all  will  rejoice  if  there  shall  also  be  brought 
to  them  here  laboratories  of  a  high  order  with  steady  research 
in  physics  and  chemistry  ;  demonstration  advancing  the  known 
principles  in  mechanics  of  structures  and  machines  ;  and 
experiments  for  theory  in  the  technology  of  manufacture — all 
clearing  the  way  for  real  discovery  and  sound  invention  in  the 
applications — designing,  fabrication,  and  processes  being  alto¬ 
gether  outside,  that  is  in  business  at  draughting  offices  and 
private  laboratories,  at  work  shops  and  fields  of  operation,  and 
to  an  extent  in  industrial  schools  where  is  the  exercise  and 
illustration  for  training,  with  or  without  production  of  com¬ 
modities,  etc. 

Our  people  in  their  adaptability  have  accomplished  more 
than  the  others  in  automatic  machinery  both  for  process  and 
construction,  but  we  need  the  purely  scientific  man  as  well  as 
the  empirical,  and  perhaps  more  a  resultant  man  to  do  the 
work  intelligently. 

At  any  rate  the  engineer  knows  the  value  of  an  ordered  as 
well  as  varied  education  first  and  last,  and  will  welcome  every 
addition  to  it  of  reality,  to  give  him  more  power  to  wield  in 
his  attempts,  scientific  and  empiric,  for  bringing  the  forces  of 
nature  to  the  uses  of  man. 
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Pittsburg,  Pa.,  June  3,  1901. 

Mr.  F.  Z.  Schellenberg, 


Chairman  Committee  on  Technical  Schools. 


My  Dear  Sir: — Had  it  not  been  for  your  urgent  solicita¬ 
tion  to  contribute  something  for  the  use  of  your  Committee  on 
Technical  Schools  I  should  not  have  made  the  attempt,  because 
I  feel  that  the  ground  has  been  very  fully  covered  in  our  pro¬ 
ceedings  of  February,  1901. 

When  the  subject  first  came  before  our  Society  I  was 
strongly  inclined  to  the  belief  that  “Trade  and  Technical 
Schools  are  what  we  need  most  here,  and  not  in  addition 
Colleges  of  Engineering.  After  more  mature  thought,  1  now 
feel  that  it  would  not  be  wise  to  disregard  the  excellent  advant- 

O 


ages  and  opportunities  afforded  to  an  Engineering  College  in 
being  associated  with  Trade  and  Technical  Schools  of  a  high 
order,  such  as  Mr.  Carnegie  proposes  to  establish  and  endow. 

The  kind  and  number  of  schools  depend  entirely  on  the 
amount  of  money  appropriated,  and,  from  sundry  remarks 
made  by  Mr.  Carnegie,  we  have  reason  to  believe  that  he 
expects  to  give  sufficient  to  establish  and  maintain  the  kind  of 
schools  decided  upon  by  himself  and  the  Institute  Committee 
who  has  this  matter  in  charge. 


Mr.  Carnegie  never  does  anything  in  a  half-wav  manner, 
and  hence  I  will  start  with  the  assumption  that  he  fully  intends 
to  establish  a  system  of  Trade  and  Technical  Schools  that  will 
conserve  best  the  interests  of  the  people  of  Pittsburg,  and 
which  will  have  no  superior  elsewhere. 

Of  the  different  kinds  of  schools  under  consideration,  the 
Colleges  of  Engineering  would  no  doubt  cost  the  most  per 
student  to  establish  and  endow. 

1st.  Because  the  instruments  and  apparatus  required  are 
very  expensive. 

2d.  Because  the  salaries  of  the  right  kind  of  professors 


are  large. 
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3d.  Because  the  number  of  students  would  be  compara¬ 
tively  small. 

4th.  Because  said  colleges  cannot  be  partially  self- 
supporting  to  the  same  extent  as  can  Trade  Schools. 

To  olfset  this  is  the  fact  that  engineering  students  can,  in 
general,  better  afford  to  pay  some  tuition  fees  than  students  in 
Trade  Schools. 

In  view  of  Mr.  Carnegie’s  liberal  generosity,  I  believe 
that  the  City  of  Pittsburg  should  immediately  establish  courses 
of  manual  training  in  all  the  Public  Schools. 

Mr.  Connellev  has  ably  shown  that  students  who  take 
manual  training  experience  no  difficulty  in  keeping  up  with 
the  regular  studies  of  the  class,  and  that  they  are  sought  after 
by  manufacturers,  and  that  said  training  is  equal  to  over  one 
year  of  apprenticeship. 

A  boy  so  trained,  therefore,  could  finish  a  course  in  the 
Trade  School  in  a  shorter  time  than  one  who  had  only  the 
ordinary  school  course  as  now  taught.  Moreover,  after  the 
experience  of  the  course  in  manual  training,  a  boy  is  in  a  much 
better  position  to  determine  what  is  his  favorite  occupation, 
and  hence  he  would  enter  the  Trade  Schools  with  a  definite 
purpose  in  view. 

It  is  absolutely  necessary  that  the  boy  of  the  masses  must 
prepare  himself  for  work  in  the  shortest  possible  time.  This 
is  best  accomplished  by  the  plan  above  outlined,  and  if  the  boy 
in  question  cannot  take  the  Trade  School  course  he  has  at  least 
been  benefited  by  the  manual  training. 

And  now,  briefly  considering  the  kind  of  Trade  Schools 
best  suited  to  this  community,  I  believe  : 

1st.  That  they  should  be  preeminently  practical — in  fact, 
more  practical  than  anything  ever  attempted  before. 

2d.  That  the  instruction  should  be  free,  and,  if  the  plan 
about  to  be  mentioned  proves  a  success,  that  the  students,  or 
at  least  those  most  proficient,  might  be  given  a  small  weekly 
recompense  during  the  last  year  of  the  course. 
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Whether  the  schools  will  be  open  to  all  alike,  or  whether 
certain  privileges  or  free  tuition  will  be  given  only  to  the 
people  of  this  community,  is  a  question  that  will  depend  upon 
the  wish  and  generosity  of  the  munificent  donor. 

1st.  The  schools  should  be  essentially  practical,  because 
the  superintendents  of  factories  and  manufacturers  here  have 
little  confidence  in  the  immediate  usefulness  of  the  average 
college  graduate  or  school-taught  artisan.  The  holder  of  a 

c  n  c 

certificate  from  these  schools  must  immediately  be  able  to  take 
a  position  and  till  it  better  than  the  average  employee  of  his 
particular  trade. 

It  has  been  stated  that  many  of  the  Trade  Schools  and 
some  Technical  Colleges  take  orders  in  the  open  market  to 
build  machinery. 

This  plan  should  be  adopted  here;  and,  if  possible,  all  the 
work  done,  with  the  exception  of  perhaps  some  preliminary 
attempts,  should  be  on  regular  orders. 

For  instance,  there  should  be  a  very  fully  equipped  ma¬ 
chine  shop,  containing  planes,  shapers,  milling  machines, 
lathes,  turret  lathes,  boring  machines,  punching  machines, 
hydraulic  presses,  drilling  presses,  pneumatic  tools,  etc.  A 
master  mechanic  of  unquestioned  ability  should  have  charge  of 
said  shop,  and  be  supplied  with  an  efficient  corps  of  assistants- 
lie  should  have  first-class  machinists,  who  would  act  as 
instructors  and  also  work  on  the  more  difficult  parts  of  ma¬ 
chines  contracted  for.  The  work  of  construction  should  be 
done  according  to  practical  methods,  and  from  blue-prints 
either  supplied  by  the  contracting  parties  or  by  the  drafting- 
room,  where  modern  practical  methods  should  prevail,  the 
students  learning  under  the  guidance  of  instructors  who  have 
had  a  long  practical  experience  in  large  drafting  rooms.  The 
head  draftsman  should  have  several  skilled  men  to  make  the 
most  difficult  drawings  and  act  as  instructors. 

The  Machine  Shop  Department  should  take  orders  for  all 
kinds  of  work,  such  as  certain  lines  of  machines,  repair  work, 
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screws,  nuts,  washers,  punchings,  tools,  dies,  and  in  fact  any¬ 
thing  that  could  be  obtained  by  competition  in  the  open 
market. 

There  would  probably  be  two  kinds  of  students  to  whom 
certificates  would  be  granted  : 

1st.  Those  who  simply  wanted  to  learn  to  be  good  ma¬ 
chinists. 

2d.  Those  who,  in  addition  to  this,  wanted  to  be  able  to 
figure  the  cost  of  building  all  sorts  of  machines,  and  eventually 
become  foremen  of  machine  shops  or  of  manufacturies. 

During  the  latter  part  of  the  course  the  students  would  be 
able  to  make  good  progress  in  building  machinery,  and  hence  I 
suggested  that  the  most  proficient  ones  might  be  paid  a  small 
recompense.  Orders  for  machinery  should  not  necessarily  be 
confined  to  Pittsburg,  but  should  preferably  be  taken  in  all 
parts  of  the  country,  thus  insuring  a  diversity  of  work. 

In  connection  with  this  and  other  departments,  there 
should  be  a  Sales  Department,  headed  by  an  exiDerienced  sales¬ 
man,  with  assistants  and  instructors.  The  students  taking  this 
course  should  have  first  had  a  good  general  commercial  training 
in  courses  designed  to  teach  the  principles  of  business.  They 
should  have  to  dictate  letters  and  give  their  opinion  on  busi¬ 
ness  matters,  all  this  being  done  under  the  guidance  of  the 
head  salesman  or  his  assistants.  Such  students,  properly 
taught,  would  have  no  trouble  in  getting  good  positions  after 
graduation. 

The  Machine  Shop  would  be  supplied  with  brass  and  iron 
castings  from  the  Foundry  Department,  which  would  also  be 
equipped  with  a  sufficient  number  of  instructors  and  a  few 
practical  moulders.  Here,  also,  orders  would  be  taken  for 
castings  in  the  open  market.  Steel  and  malleable  castings 
should  also  be  made,  and  the  department  should  be  equipped 
with  good  blast  furnaces  and  other  necessary  adjuncts  of  a 
large  foundry. 

The  Blacksmith  Shop  should  be  supplied  with  suitable 
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furnaces,  steam  hammers  and  other  apparatus  for  handling  and 
manipulating' large  forgings. 

In  the  province  of  this  short  letter  it  is  entirely  out  of  the 
question  to  discuss  the  various  Trade  Schools. 

In  the  Wood  Working  Department  pattern  making  should 
be  taught,  and  patterns  made  for  the  foundry.  Also  modern 
mill  practice,  carving,  house  carpentry,  etc.  Here,  also,  order> 
should  be  taken  in  the  open  market  for  mill  work  supplies  for 
building  the  woodwork  of  houses,  etc.  There  should,  of 
course,  be  a  well-equipped  department  dealing  with  the  manu¬ 
facture  of  glass  and  glass  commodities. 

If  the  same  plans  were  adopted  in  all  the  Trade  Schools  a 
system  broad  and  unique  would  be  developed — a  system  of 
schools  far  above  anything  ever  attempted,  and  most  beneficial 
to  Pittsburg  and  the  countrv  at  large. 

I  have  said  nothing  about  the  individual  courses  of  instruc- 
tion,  but  such  could  be  best  developed  by  carefully  examining 
the  systems  adopted  here  and  abroad,  and  consulting  with 
master  minds  in  each  particular  trade,  and  the  courses  as  laid 
out  should  be  designed  to  give  the  most  and  best  practical 
instruction  in  the  shortest  time. 

The  question  as  to  whether  there  would  be  any  especial 
conflict  with  the  trade  unions  would,  of  course,  have  to  be  con¬ 
sidered,  but  I  cannot  see  any  legitimate  reason  why  such 
should  be  the  case. 

It  may  be  argued  that  such  a  comprehensive  system  of 
Trade  Schools,  taking  orders  in  the  open  market,  would  be 
disastrous  to  some  of  our  small  home  industries,  but  when  we 
consider  that,  by  the  adoption  of  this  system,  each  particular 
trade  would  have  just  one  more  manufactory  added  to  those 
already  here,  I  think  we  are  reasonably  sure  that  no  great 
harm  would  be  done,  and  especially  so  as  a  large  part  of  the 
the  orders  would  be  taken  elsewhere. 

In  connection  with  the  Trade  Schools,  a  comprehensive 

svstem  of  accounts  would  have  to  be  carried  on,  which  would 
«/ 
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afford  good  opportunities  of  practical  work  to  students  taking 
a  course  of  Bookkeeping.  Similarly  excellent  opportunities 
would  be  extended  to  students  studying  Stenography  and 
Typewriting. 

The  above  represents,  in  brief,  the  general  plan  of  a  sys¬ 
tem  of  Trade  Schools  which,  in  my  opinion,  would  be  a  great 
success,  and  which,  if  adopted,  would  perpetuate  the  name  of 
Mr.  Carnegie,  both  here  and  abroad,  more  than  anything  else 
he  could  do. 

In  discussing  this  subject,  as  members  of  the  Engineers’ 
Society  of  Western  Pennsylvania,  our  ideals  cannot  be  too 
high.  We  must  look  far  into  the  future,  and  recommend  a 
system  which  will  be  in  advance  of  the  times,  and  therefore 
lead  in  the  further  development  of  human  progress. 

This  system  of  Trade  Schools  would  not  be  complete 
without  ample  provision  for  Night  Schools,  so  as  to  afford 
opportunities  to  those  unable  to  attend  during  the  hours  of 
the  day. 

This  letter  is  already  much  longer  than  I  intended,  and 
hence,  in  conclusion,  I  will  say  that,  supplementing  the  Trade 
Schools,  I  believe  there  should  be  a  svstem  of  Technical  Schools 
which  would  not  be  quite  equal  in  standing  to  our  best  En¬ 
gineering  Colleges.  It  is  stated  authoritatively  that  only  10% 
of  the  graduates  of  Technical  Colleges  become  engineers,  and 
of  this  10%  a  comparatively  small  number  reach  distinction  in 
their  professions.  What  is  the  use,  therefore,  of  turning  out 
a  lot  more  of  well-equipped  engineers,  many  of  whom  will 
become  disappointed  men  and  drift  into  positions  which  they 
could  equally  well  till  without  having  as  exacting  an  education? 

I  believe,  therefore,  that  between  the  Trade  Schools  and 
the  Engineering  Colleges  should  come  the  Technical  Schools, 
in  which  young  men  would  be  trained  and  instructed  well 
enough  to  till  the  positions  taken  now  by  the  90  %  of  graduates 
of  Technical  Colleges  who  do  not  become  regular  engineers. 

O  O  O 

These  would  become  draughtsmen,  chemists,  superintendents 
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and  managers  of  manufactories;  they  would  also  have  >utli- 
cient  knowledge  to  do  excellent  work  in  civil,  mechanical  and 
electrical  engineering.  I  believe  there  should  he  the  l>est 
opportunities  for  experimental  research  and  scientific  work  of 
a  high  order. 

And  last  comes  the  Colleges  of  Engineering,  the  standing 
of  which  should  exceed  anything  ever  attempted  elsewhere. 

The  highest  mathematics  taught  in  the  Engineering  courses 

C  C  O  O 

of  the  Technical  Schools  might  be  differential  and  integral 

c  o 

calculas.  The  students  entering  the  Engineering  Colleges  would 

O  c  c  c 

have  to  be  graduates,  or  its  equivalent,  of  the  Technical  Schools. 
Hence  they  would  start  with  a  splendid  knowledge  of  mathe¬ 
matics,  and  practical  work  and  the  courses  should  be  very 
severe  and  rigid.  They  should  have  the  advantage  of  hearing 
lectures  of  a  high  order  from  distinguished  engineers  or  pro¬ 
fessors.  After  graduation  they  would  take  positions  as  engi¬ 
neers  of  the  highest  ability,  or  as  professors  of  universities 
both  here  and  abroad. 

In  conclusion,  I  hope  that  nothing  will  be  done  to  injure 
our  home  institution,  the  Western  University  of  Pennsylvania. 
I  would  like  to  see  the  Engineering  Colleges  above  referred  to 
made  a  part  of  the  Western  University  of  Pennsylvania,  and  a 
number  of  tine  buildings  erected,  with  the  grand  Carnegie 
Institute  on  one  side  and  on  the  other  Schenley  Park,  refresh¬ 
ing  and  invigorating  in  its  verdant  beauty  and  repose. 

Yours  very  truly,  IIenry  W.  Fisher. 

t/  %/  j 
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THIS  SOCIETY  DOES  NOT  HOLD  ITSELF  RESPONSIBLE  FOR  THE  OPINIONS  OF  ITS  MEMBERS. 


The  two  hundred  and  fifteenth  regular  monthly  meeting 
of  the  Engineers’  Society  of  Western  Pennsylvania  was  held 
in  the  Lecture  Room  of  the  Society’s  House,  410  Penn  Avenue, 
Pittsburg,  Pennsylvania,  Tuesday  evening,  May  21,  1901, 
the  President,  Mr.  H.  W.  Fisher,  being  in  the  chair,  and  sixty- 
three  members  and  visitors  present. 

The  meeting  was  called  to  order  at  8:20  o’clock,  and  the 
minutes  of  the  preceding  meeting  were  read  and  approved. 

For  the  Board  of  Directors,  the  following  applicants  were 

reported  as  passed  and  to  be  voted  for  at  the  next  regular 

meeting: 

© 


AMBROSE  XEYIN  DIEHL, 

LAWRENCE  M.  HARTZELL, 

HARRY  D.  HERSHEY, 

CH  A  R  L  ES  FA  BER  O’  HAH  AX, 

JOHN  X.  OSTROM, 

HENRY  S.  PAGE, 


Assistant  Superintendent, 

Blast  Furnaces  of  Carnegie  Steel  Co. , 
Duquesne,  Pa. 

With  Carnegie  Steel  Company, 
Homestead,  Pa.  College  Ave.  and 
Howe  St.,  Pittsburg,  Pa. 

Electrician, 

Iron  City  Engineering  Co.,  410  Penn 
Avenue,  Pittsburg,  Pa.,  Irwin,  Pa. 
Draftsman, 

With  Wm.  B.  Scaife  A  Sons,  221 
First  Avenue,  Pittsburg,  Pa. 

Bridge  Engineer, 

130<)  Park  Bldg.,  Pittsburg,  Pa. 

Assistant  Purchasing  Agent, 

Crucible  Steel  Company  of  America. 
:»18  Lang  Avenue,  Pittsburg,  Pa. 

Secretary  A  Treasurer, 

Pittsburg  A  Birmingham  Traction 
Company.  Pittsburg,  Pa. 


WEAVER  IIEXRY  ROGERS, 
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SAMUEL  BRENT  W1 I  INERT,  -  Foreman, 

Pittsburg  Blue  Print  Company,  Park 
Building,  Pittsburg,  Pa. 

CHARLES  HANCOCK  WOOD,  -  Draftsman, 

American  Bridge  Company, 

1207  Fayette  St.,  Allegheny,  Pa. 

The  following  gentlemen  were  balloted  for  and  duly 
elected  to  membership: 


WILLIAM  L.  CURRY, 

J.  FREDERICK  HAWORTH, 

ROBERT  LINTON,  - 

JOHN  I.  W.  MILLIGAN, 

WILLIAM  THOMAS  MOHAN,  - 

FREDERICK  C.  SCHATZ,  - 

ALBERT  N.  SMITH,  - 


Engineer, 

Carnegie  Steel  Company,  Duquesne, 
Pa.  16<S  Homewood  Avenue,  Pitts¬ 
burg,  Pa. 

Mechanical  Engineer, 

Partner  Haworth  &  Dewhurst,  Pitts¬ 
burg,  Pa.  Edgeworth,  Pa. 

Manager, 

American  Window  Glass  Company, 
Belle  Vernon,  Pa. 

Mechanical  Engineer, 

AYestinghouse  Electric  and  M  fg.  Co. , 
East  Pittsburg,  Pa.  Whitney  Ave., 
Wilkinsburg,  Pa. 

Engineer, 

The  Pittsburg  Stove  and  Range  Co., 
Pittsburg,  Pa.,  1512  Franklin  St. 
Allegheny,  Pa. 

Engineer, 

Jos.  Horne  &  Co.,  Pittsburg,  Pa.  58 
William  St.,  Pittsburg,  Pa. 

Engineer, 

With  Julian  Kennedy,  Pittsburg, 
Pa.  330  Main  St.,  Pittsburg,  Pa. 


Mr.  H.  W.  Fisher — Next  in  order  is  unfinished  business, 
and  under  this  head  I  will  say  that  about  two  months  ago  a  letter 
was  read  before  the  Society  from  an  advertising  agent  who 
wished  to  take  charge  of  the  publishing  of  our  Proceedings. 
He  would  publish  the  Proceedings,  I  think,  for  one-half  the 
cost  for  the  first  year,  and  after  that,  would  publish  it  free,  he 
to  get  his  money  out  of  the  advertising.  It  was  put  before 
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the  members  of  the  Society  to  see  if  we  could  not  get  enough 
advertisements  to  make  the  thing  up  and  keep  the  Proceedings 
in  our  own  hands.  It  was  put  as  a  motion  at  the  time,  but 
there  have  been  no  responses.  The  question  now  comes  up  as 
to  whether  we  should  reconsider  the  offer  made  by  this  agent, 
and  whether  we  should  have  him  take  up  the  publishing  of  our 
Proceedings.  I  would  like  to  hear  from  the  members  on  this 
subject. 

Prof.  C.  B.  Connelley — Mr.  President,  we  thought  it 
possible  we  would  have  had  more  responses.  I  think 
the  proposition  of  the  agent  is  a  fair  one,  and  we  could 
not  lose  anything,  at  any  rate.  Of  course,  the  char- 
acter  of  the  advertisements  that  go  in  is  subject  to  the  decision 
of  the  Board.  I  cannot  see  but  that  it  would  be,  from  a  mone¬ 
tary  sense,  a  good  thing.  Whether  it  will  increase  the  adver- 
tising,  that  remains  to  the  ability  of  the  man  taking  charge  of 

0  7  P  O 

it,  and  if  he  sees  enough  in  it  to  take  the  matter  up,  1  imagine 
he  could  get  up  a  good  line  of  advertising. 

Mr.  Kichard  Hirsch — I  believe  that  in  order  to  get  ad- 
vertisements  for  any  thing  like  this,  they  would  have  to  be 
solicited  personally,  and  the  only  way  to  get  them  is  to  put  the 
matter  in  the  hands  of  an  agent. 

Mr.  H.  W.  Fisher — A  motion  might  be  in  order  to  have 
the  Secretary  make  arrangements  with  this  man  for  a  year  or 
two.  We  would  save  several  hundred  dollars,  and  I  think  it 
is  worth  considering. 

Mr.  Richard  Hirsch — 1  will  make  a  motion  to  the  effect 

that  we  put  it  in  the  hands  of  the  Secretary  to  make  a  contract 

with  the  agent,  not  binding  ourselves  to  too  long  a  time,  sav 

for  one  or  two  years. 

*/ 

Mr.  W.  E.  Snyder — I  would  just  like  to  ask  for  some 
information.  In  turning  the  matter  over  to  the  Secretary, 
would  he  be  granted  the  power  to  make  any  arrangements  he 
chose,  or  would  a  committee  be  appointed  to  go  over  this  matter 
with  the  man  who  takes  charge  of  this  business?  The  reason  I 

P 
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bring  this  up,  is  that  the  Proceedings  now  are  printed  on  good 
paper,  with  clear  type,  and  good  cover.  He  might  endeavor 
to  make  all  he  could  in  the  transaction,  and  reduce  the  expense 
of  printing,  etc.  Another  thing,  he  might  want  to  put  in  an 
exceedingly  large  number  of  advertisements  and  that  always 
produces  a  sort  of  bad  impression  on  any  who  get  hold  of  the 
Proceedings  and  do  not  know  anything  about  the  Society. 
Someway,  if  you  get  books  or  engineering  literature  of  any 
kind,  and  find  the  covers  and  front  and  back  pages  tilled  up 
with  advertising  matter,  it  gives  you  a  sort  of  a  bad  taste  to 
begin  with.  I  think  it  may  be  well  to  have  these  matters 
brought  up  in  making  the  arrangements. 

Mr.  H.  W.  Fisher — I  would  ask  the  Secretarv  to 
give  us  a  little  information  in  regard  to  this  matter.  I 

cr  O 

think  that  was  covered  pretty  well  by  his  offer. 

Mr.  C.  W.  Kidinger — He  would  continue  with  the  same 
publishing  firm  that  we  now  employ,  using  the  same  type,  the 
same  style  of  cover,  the  same  kind  of  paper,  and  everything 
the  same  all  the  way  through.  The  only  difference,  we  turn 
over  the  advertising  to  him,  and  he  secures  the  advertisements 
for  the  Proceedings.  Of  course,  each  advertisement  is  to  be 
approved  by  the  Board  before  it  goes  into  the  Proceedings.  In 
that  way  we  would  know  just  what  was  going  in  and  see  that 
nothing  went  in  that  was  objectionable. 

Motion  carried. 

Mr.  Schellenberg — As  chairman  of  the  Committee  on 
Technical  Schools,  I  have  a  few  communications  here  and  I 
think  I  will  just  submit  them  to  the  Secretary.  I  think  the 
biggest  one  is  the  one  I  wrote  myself. 

Mr.  H.  W.  Fisher — I  think  it  would  be  in  order  for 
Mr.  Schellenberg  to  read  his  report. 

Mr.  F.  Z.  Schellenberg — I  do  not  want  to  take  up  the 
time  here,  and  I  believe  the  Board  will  think  worth  while  to 
print  it. 
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Mr.  II.  W.  Fisher — Is  this  the  conclusion  of  the  report, 
and  is  this  to  be  printed  as  the  report  t 

Mr.  F.  Z.  Schellenberg — I  am  not  at  liberty  to  sav 

V  v 

that.  We  will  simply  report  progress  on  the  communications 
received.* 

Mr.  J.  M.  Camp,  for  the  Program  Committee — Mr. 
Chairman,  I  would  like  to  suggest  to  the  House  Committee 
that  they  ought  to  get  these  lights  fixed.  For  the  Program 
Committee  I  will  sav  that  there  are  only  one  or  two  months 
left  this  year  for  which  we  have  no  paper  promised.  Of  course 
there  will  be  a  grand  rush  at  the  last  of  the  year  to  get  in,  but 
the  first  comers  will  be  considered  first. 

Mr.  II.  W.  Fisher — We  had  a  very  enjoyable  Smoker 
the  other  evening  and  the  funds  were  to  be  raised  by  voluntary 
contribution.  I  will  make  an  announcement  to  the  effect  that 
we  have  not  received  enough  funds  to  pay  for  this  last  Smoker, 
and  if  there  are  any  members  present  this  evening  who  are 
willing  to  contribute,  we  would  be  glad  to  have  them  do  so. 
Mr.  Wilson  reports  that  there  is  a  deficiency  of  $15.00  vet,  and 
we  hope  the  members  present  will  cancel  this  debt  before  the 
evening  is  over.  Mr.  Kidinger  will  be  glad  to  take  any  con- 

C  O  O 

tributions. 

The  Secretarv  read  the  following  letter  from  the  Inter- 
national  Engineering  Congress,  Glasgow,  Scotland  : 

The  University,  Glasgow,  Scotland. 

To  the  Secretary ,  Engineering  Society 

of  Western  Pennsylvania ,  Allegheny. 

Sir  : 

I  have  the  honor  to  enclose  a  Provisional  Preliminary 

V 

Program  of  the  International  Engineering  Congress,  which  will 
indicate  to  you  its  scope  and  the  arrangements  which  have  been 

*  Note— These  communications  appear  in  the  April  number  of  Pro¬ 
ceedings,  issued  June  15th. 
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made.  The  meetings  will  he  held  here  on  the  3rd,  4th,  and 
5th  of  September  of  this  year. 

It  will  he  seen  from  the  Program  that  the  Congress  will 

O  O 

he  supported  by  the  principal  Engineering  Societies  in  Great 


which  deals  with  the  particular  Branch  of  the  Subject  in  which 
it  is  interested. 

I  have  been  directed  to  ask  the  Engineering  Society  of 
Western  Pennsylvania  to  nominate  one  Delegate  who  would 
attend  the  Congress  as  Honorary  Member,  and  1  trust  that 
you  will  bring  this  request  before  your  Council  at  a  date  as 
early  as  possible.  I  am, 

Yours  faithfully, 

J.  D.  CORMACK, 

Secretary. 

P.  S. — When  you  send  the  name  of  the  Delegate  please 
give  title  and  address. 

O 


Mr.  H.  W.  Fisher — I  would  suggest  in  regard  to  this 
matter  that  no  doubt  a  number  of  our  members  will  be  in 
Europe  this  summer,  and  if  some  member  would  express  his 
willingness  to  attend  this  Congress  he  would  be  appointed  by 
the  Board  of  Directors,  and  if  he  attends  it  we  would  have  a 
very  interesting  paper  next  fall  in  reference  to  the  Congress. 
It  has  been  the  custom  in  the  past  for  delegates  from  the 
Engineers'  Society  to  pay  their  own  expenses,  consequently  if 
any  member  expects  to  be  abroad  this  summer  and  can  attend 
this  Congress  we  would  like  to  have  him  communicate  the  fact 
to  the  Secretary. 

There  is  another  matter,  in  reference  to  the  Keeler  Me¬ 
morial,  about  which  Mr.  Kidinger  will  read  a  letter  from  Prof. 
Wadsworth.  I  think  the  Society  should  take  some  action  in 

regard  to  it. 
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A  LLEG  H  E  N  Y  O  BS  E  R  V  A  TO  RY, 
Allegheny,  Penna.,  May  10,  1001. 

Mr.  H.  W.  Fisher, 

President  Eng.  Soc.  of  IF.  Pa. 

Mv  dear  Mr.  Fisher: 

I  send  enclosed  a  circular  regarding  the  proposed  Keeler 
Memorial  in  which  as  one  of  his  friends  I  hope  you  may  he 
interested. 

What  would  be  your  opinion  in  regard  to  bringing  the 
matter  before  the  Engineers'  Society  at  their  next  meeting 
with  a  proposition  that  the  Society  make  a  contribution  to  the 
fund  as  a  body  \  Keeler  had  so  many  friends  in  the  Society, 
and  did  so  much  for  the  scientific  and  indirectly  at  least  for  the 
engineering  interests  of  Pittsburg  and  Allegheny,  that  such  an 
action  would  I  think  be  very  appropriate,  and  if  you  approve  of 
it  I  would  like  very  much  to  have  you,  as  president  of  the 
Society,  bring  the  matter  up  at  the  next  meeting.  1  have  sent 
a  circular  to  Mr.  Ridinger  asking  him  if  there  is  no  objection 
to  put  it  on  the  bulletin  board  in  order  to  bring  it  to  the 
attention  of  the  individual  members  who  might  be  interested. 

I  have  sent  out  a  large  number  of  these  circulars  but 
Keeler  had  so  many  friends  and  admirers  that  we  are  almost 
certain  to  miss  some  of  them  in  the  individual  distribution  of 
the  circulars.  If  therefore  you  will  call  the  matter  to  the 
attention  of  any  whom  you  think  would  be  interested  we  will 
be  greatly  obliged. 

Very  truly  yours, 

F.  L.  ().  Wadsworth. 

Mr.  H.  W.  Fisher — I  would  like  to  hear  the  opinion  of 

the  society  in  regards  to  this  matter,  as  to  whether  the  society 

should  make  a  contribution  as  a  whole  or  individually.  Mr. 

Keeler  certainly  did  a  great  deal  towards  making  astronomy 

and  the  sciences  of  that  kind  what  they  are.  The  matter  is 

%/ 

open  for  discussion. 
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Mr.  F.  Z.  Schellenberg — What  form  does  the  Me¬ 
morial  take  ?  What  is  to  be  erected  ? 

Mr.  C.  W.  Ridinger — It  is  to  be  a  large  telescope  in  the 
new  Allegheny  Observatory. 

Mr.  F.  Z.  Schellenberg — Would  it  not  be  well  to  get 

© 

circulars  from  Prof.  Wadsworth  and  send  them  out  with  the 
proceedings?  Each  member  would  get  one  with  his  proceed¬ 
ings. 

O 

Mr.  H.  W.  Fisher — 1  think  that  would  be  an  excellent 

idea.  How  would  it  do  to  lav  the  matter  on  the  table  until  the 

%/ 

next  meeting  when  we  could  decide  as  to  whether  the  society 
will  give  a  contribution  as  a  whole  or  individually. 

Prof.  S.  M.  Kintner — They  are  sending  out  a  great 
number  of  these  circulars  to  his  personal  friends  throughout  the 
city  and  community.  I  suppose  a  great  many  of  the  members 
of  the  society  will  contribute  individually  anyhow,  so  that  it 
might  be  a  good  thing  for  the  society  to  contribute  in  a  lump. 
In  this  way  it  could  go  into  some  form  of  a  tablet  to  be  placed 
on  the  telescope.  It  is  to  be  known  as  the  Iveeler  Memorial 
in  all  research  work  that  is  done  with  it. 

Prof.  C.  B.  Connelley — I  think,  Mr.  President,  it 
would  be  wise  to  follow  out  Prof.  Wadsworth's  idea  to  have 
the  notice  placed  on  the  bulletin  for  the  individual  members  to 
think  over.  I  rather  favor  Mr.  Schellenberg’s  idea  of  having 
it  sent  out  with  the  next  proceedings,  then  we  would  be  able 
to  get  at  it  more  collectively  at  the  next  meeting.  I  think  it 
would  be  well  to  have  it  on  the  bulletin.  I  would  make  a 
motion  to  that  effect. 

Motion  carried. 

Next  in  order  was  the  reading  of  the  paper  of  the  evening 
by  Mr.  Willibald  Trinks,  entitled  “Parallel  Operation  of 
Alternators  From  the  Engine  Builder's  Point  of  View". 
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BY  W.  TRINKS,  M.E. 


To  those  of  you  who  are  in  constant  touch  with  the  devel¬ 
opment  of  alternating  current  machinery,  to-night's  lecture  will 
not  otter  much  that  is  new.  But  as  that  which  is  new  would 
hardly  be  intelligible  if  disconnected  from  the  rest,  I  decided 
to  treat  the  question  as  a  whole  and  to  compile  all  the  elements 
that  can  exert  any  influence  upon  the  successful  parallel  oper¬ 
ation  of  direct  coupled  alternators. 

The  troubles  which  several  firms  have  recently  experienced 
with  the  parallel  operation  of  large  alternators  have  led  to  the 
impression  that  such  operation  required  an  unusual  degree  of 
perfection  in  the  valve  gear  and  govenor  mechanism  of  the 
steam  engine,  a  degree  of  perfection  that  could  hardly  be  at¬ 
tained  with  the  every  day  methods  of  engine  building.  The 
following  reasonings  and  facts  are  intended  to  clear  up  the 
doubts  about  this  point  and  to  find  out  how  far  the  above  im¬ 
pression  is  justified. 

For  the  benefit  of  those  who  are  not  proficient  in  the 
mysteries  of  alternating  current  machinery,  the  electrical  con¬ 
ditions  which  prevail  when  alternators  work  in  parallel  will 


Fig.  1. 


have  to  be  considered  first.  In  Fig.  1  let  1  and  II  be  two  alter¬ 


nators  in  parallel.  The  electromotive  forces  of  the  two  dvna- 
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mos  ure  lighting  against  each  other,  for  each  one  tries  to  equal¬ 
ize  its  tension  through  the  other,  because  the  way  is  so  much 
shorter  than  that  through  a  long  cable  and  all  the  lamps, 
transformers,  motors  and  so  on.  If,  however,  the  two  elect¬ 
romotive  forces  are  equal,  and  the  dynamos  are  in  the  same 
phase,  no  extra  current  will  flow  through  the  circuit  I-II,  but 
the  sum  of  the  currents  of  both  dynamos  flows  through  the  bus 
bars  and  the  useful  working  resistance.  Now  let  us  make  use 
of  the  very  convient  way  of  representing  alternating  electro¬ 
motive  forces  and  currents  by  vectors.  Then  the  above  case 
will  be  illustrated  by  the  very  simple  Fig.  2.  I  and  II  are  the 
voltages  of  the  two  generators  respectively  and  c  and  c„  the 
the  currents  which  they  carry;  <p  is  the  variable  angle  of  lag 
between  electromotive  force  and  current. 

i 


Fig.  2.  u 

If  the  ideal  conditions  illustrated  in  Fig.  2  prevailed  all 
the  time,  there  would  be  no  necessity  for  this  lecture,  but  in 
truth  the  two  electromotive  forces  will  never  be  exactly  alike 
nor  will  the  generators  always  be  in  the  same  phase.  In  order 
to  illustrate  what  happens,  when  the  conditions  are  changed  as 
indicated,  I  will  use  a  few  simple  diagrams  which  are  liable  to 
objection  from  the  electrician’s  standpoint,  but  are  exact 
enough  for  the  purpose  in  question.  In  Fig.  3  let  the  electro- 
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motive  force  of  generator  I  be  in  excess  of  electromotive  force 
of  generator  II;  consequently  there  then  exists  an  unbalanced 
electromotive  force  I  minus  II  =a  b,  which  drives  a  current 
in  the  circuit  1  II,  formed  by  the  generators  and  their  switch¬ 
board  connections.  As  these  parts  are  usually  made  of  low 
resistance,  the  phase  and  strength  of  the  extra  current  are 
largely  determined  by  the  self  induction  of  the  generators. 
The  current  of  self  induction  lags  90  degrees  behind  its  electro¬ 
motive  force  and  will  for  instance  be  cs;  combining  c8  with  c( 
and  c,  resp.  furnishes  the  currents  flowing  actually  in  the  gen¬ 
erators,  Cj  and  cr  The  current  of  generator  I  lags  more,  and 
that  of  II  less  than  before;  the  result  is  that  the  voltage  of  I  is 
pulled  down  and  that  of  II  boosted  up.  Hence  the  visible  vol¬ 
tages  of  the  two  generators  are  equal,  though  the  electromotive 
forces  may  ditfer.  The  distribution  of  currents  has  become 
unequal,  but  the  projection  of  the  currents  vectors  on  the  vol¬ 
tage  vector  has  not  been  changed;  and  as  voltage  times  projec¬ 
tion  of  current  on  voltage  vector  represents  the  work  done  by 
the  generator,  we  may  conclude  that  a  difference  in  the  electro¬ 
motive  forces  of  the  two  generators  causes  an  uneven  distribu- 
tion  of  current  in  the  armatures,  and  consequently  increased 
heat  losses,  but  does  not  affect  the  distribution  of  load  between 
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is  directly  opposite  to  what 

occurs  in  direct  current  practice. 

Passing  over  to  the  second  disturbance,  namely  a  differ¬ 
ence  in  the  phase  of  the  two  generators,  we  find  this  case  illus¬ 
trated  by  Fig.  4.  Generator  No.  1  is  supposed  to  be  in  the  lead 


by  angle  «.  The  combination  of  the  voltages  I  and  II  into  a 
resultant  a  b  shows  that  there  is  an  unbalanced  electromotive 
force  III  —a  b  which  causes  an  extra  current  or  cross  current. 
As  above,  this  current  depends  mainly  upon  the  self  induction 
of  the  generators,  and  will  therefore  lag  nearlv  90  degrees  be- 
hind  the  electromotive  force  a  b.  Let  it  be  c,  in  this  example 
and  if  c  is  combined  with  the  current  c,  and  c.  which  llowed 
in  the  alternators  as  long  as  they  were  in  phase,  it  becomes 
evident  that  a  decided  change  has  taken  place.  The  projection 
a  d  of  the  new  current  0  on  the  voltage  vector  is  considerablv 

i  • 

longer  than  the  corresponding  projections  a  e  and  a  f  of  the 
old  currents  c,  and  c2,  and  the  projection  a  g  of  C,  is  consider¬ 
ablv  shorter  than  a  e  or  a  f.  The  armature  reaction  does  not 
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materially  affect  these  conditions.  If  we  remember  the  state- 

V 

ment  made  above  that  the  product  of  the  voltage  by  the  pro¬ 
jection  of  the  current  on  the  voltage  vector  measures  the  work 
done  by  the  generator,  we  arrive  at  the  very  important  con¬ 
clusion  that  the  work  of  the  leading  generator  is  increased  and 
that  of  the  lagging  generator  as  diminished.  If  for  the  present 
the  turning  moment  of  the  prime  mover — for  instance  a  tur¬ 
bine — is  supposed  to  be  constant,  this  results  in  an  acceleration 
of  the  lagging  and  in  a  retardation  of  the  leading  generator  so 
that  the  alternators  pull  each  other  into  phase,  whenever  a  dis¬ 
placement  has  occurred. 

Thus  the  alternating  current  seems  to  furnish  all  the  ele¬ 
ments  that  are  conducive  to  stable  parallel  operation  and  judg¬ 
ing  merely  by  the  electrical  conditions  we  could  hardly  expect 
any  trouble.  On  the  other  hand,  it  is  a  fact  that  a  great 
number  of  alternating  current  stations  have  to  pass  through  a 
period  which  is  full  of  troubles,  and  that,  to  overcome  the  dif¬ 
ficulties,  the  combined  efforts  of  mechanical  and  electrical  en¬ 
gineers  have  very  often  to  be  called  upon. 

This  fact  proves  sufficiently  that  it  will  pay  to  look  a  little 
closer.  It  is  well  known  that  turbine  driven  alternators  can 
be  run  in  parallel  with  the  most  perfect  ease.  Turbines  have 
a  constant  angular  velocity  for  a  constant  load,  whereas  the 
angular  velocity  of  steam  and  gas  engines  is  subject  to  period¬ 
ical  variations.  Hence  it  may  be  inferred  that  the  pulsations 
in  angular  velocity  are  the  principal  source  of  trouble.  The 
motion  of  the  rotating  parts  of  a  steam  or  gas  engine  can  be 
resolved  into  two  motions:  namely,  a  rotation  with  absolutely 
uniform  angular  velocity  which  is  superposed  by  a  forward  and 
backward  oscillation  depending  upon  the  number  of  impulses 
per  revolution,  upon  flywheel  effect,  length  of  connecting 
rod,  &c.  In  a  steam  or  gas  engine  driven  alternator  tiie  result 
of  said  oscillations  is  a  corresponding  fluctuation  in  the  phase 
of  the  generated  voltage.  In  order  to  keep  matters  reasonably 
simple  for  the  time  being,  it  will  be  advantageous  to  consider 
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an  engine  driven  generator  that  is  in  parallel  with  a  large  bat¬ 
tery  of  turbine  driven  generators.  In  this  ease  the  angle  «  of 
Fig.  4-  is  in  direct  proportion  to  the  relative  oscillation  of  the 
engine  driven  alternator.  Angle  a  has  to  be  measured  in  degrees 
of  phase,  and  as  the  distance  from  one  north  pole  to  the  follow- 
* 


ing  north  pole  represents  360  degrees  of  phase — see  Fig.  5 — a 
is  equal  to  f  /?  if  /?  denotes  the  number  of  poles  in  the  gener¬ 
ator  and  /2  the  angle  of  relative  displacement  between  the  fly¬ 
wheel  and  the  ideal  flywheel  rotating  with  uniform  speed.  How 
to  And  the  angles  «  and  ,3  for  an  engine  running  independently 
will  be  demonstrated  later  on.  To  calculate  it  for  an  engine 
running  in  parallel  with  others  is  not  strictly  impossible,  but 
next  to  impossible.  It  has  already  been  mentioned  that  a  dis¬ 
placement  which  takes  place  between  alternators  in  parallel 
creates  a  force  that  has  the  tendency  to  diminish  the  displace¬ 
ment.  As  this  synchronizing  force  grows  with  the  magnitude 
of  the  displacement  the  case  may  be  compared  to  a  common 
gravity  pendulum,  Fig.  6. 

It  is  a  well  known  fact  that  the  pendulum,  whichever  may 
be  the  position  of  the  ball,  tends  to  swing  back  to  the  middle 
position;  but  it  is  just  as  well  known  that  the  ball,  if  displaced 
from  the  position  of  rest  and  released,  will  not  settle  down  un¬ 
til  after  several  oscillations  have  been  completed.  Applying 
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this  knowledge  to  the  alternator  we  find  exactly  the  same  con- 
ditions.  Every  displacement  produces  a  series  of  oscillations 
with  gradually  decreasing  amplitude.  The  real  oscillation  of 
the  generator  is  therefore  a  superposition  of  two  oscillations 
which  are  caused  by  two  distinctly  different  forces.  One  of 
them  is  the  accelerating  and  retarding  force  of  the  engine  im- 
pulses  which  occurs  in  regular  intervals  regardless  of  the  relative 
position  of  the  generators;  the  other  is  the  synchronizing  in¬ 
fluence  of  the  cross  currents  which  appear  whenever  a  dis¬ 
placement  in  the  relative  position  of  the  two  generators  has 
taken  place.  It  is  this  intersection  of  two  oscillations  that 
frustrates  any  attempt  to  attack  the  problem  analytically.  The 
conditions  are  continually  changing,  and  the  exact  calculation 
can  only  be  recommended  as  a  good  long  job  to  keep  a  man 
busy  in  dull  times. 

As  there  is  obviously  nothing  to  be  gained  in  this  way,  we 
will  fall  back  on  the  comparison  with  the  pendulum.  All  of 
us  remember  the  swing,  one  of  the  favorite  pastimes  of  child¬ 
hood,  and  know  that  it  can  be  made  to  swing  higher  and  higher, 
provided  that  it  is  pushed  in  regular  intervals  and  that  the 
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thrust  is  applied  so  as  to  assist  the  motion.  To  keep  the  swing 
going  a  certain  time  harmony  between  the  swinging  mass  and 
the  driving  impulses  is  required.  The  same  time  harmony 
that  affords  pleasure  to  many  children  in  the  case  of  the  swing 
has  caused  many  weary  hours  to  engineers,  whenever  it  has 
occurred  with  alternators  in  parallel.  If  the  secondary  oscil¬ 
lation  which  is  due  to  the  synchronizing  force  has  the  same 
time  constant  as  the  primary  oscillation  which  is  due  to  the 
crank  motion,  there  is  trouble  ahead.  The  engine  begins  to 
surge  or  to  pump  with  ever  increasing  violence  and  finally  the 
cross  currents  grow  to  such  an  extent  as  to  cause  a  general  Hy- 
ing  out  of  circuit  breakers  or  blowing  of  fuses.  It  is  not  neces- 
sary  that  the  periods  of  the  oscillations  be  of  mathematically 
equal  duration.  A  periodical  swelling  and  diminishing  of  the 
amplitudes  of  the  oscillations  will  take  place,  whenever  the 
periods  are  approximately  alike.  Two  tuning  forks  with  the 
same  dimensions  will  give  a  gradual  swelling  and  falling  off  in 
the  strength  of  tone,  caused  by  a  combination  of  their  vibra¬ 
tions.  Fasten  a  piece  of  wax  to  one  of  the  forks,  and  the  pheno¬ 
menon  disappears,  because  the  time  harmony  is  disturbed. 

It  becomes  thus  that  time  harmony  should  be  carefully 
avoided  in  synchronous  machinery.  To  this  end  the  relation 
between  displacement  and  synchronizing  force  should  be  taken 
into  consideration,  when  the  size  of  the  flywheel  is  to  be  deter¬ 
mined.  The  relation  in  question  will  be  furnished  by  the  dynamo 
builder  upon  application,  and  with  this  information  at  hand,  it  is 
comparatively  easy  to  figure  the  weight  of  the  flywheel  so  that 
no  mechanical  resistance  is  possible. 

In  order  to  complete  the  investigation  of  surging  or  hunt¬ 
ing  a  few  additional  remarks  have  to  be  made.  Experience 
has  shown  that,  if  a  ship  vibrates  badly  with  for  instance  40 
revolutions  of  the  main  engines,  the  oscillations  are  hardly  no¬ 
ticeable  with  60  revolutions,  but  appear  again  at  80  which  is 
two  times  40  revolutions,  and  reach  another  maximum  at  120 
revolutions  per  minute.  Hence  it  follows  that  resonance  occurs 
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not  only  with  oscillations  of  equal  periodicity,  but  also  when 
the  period  of  one  oscillation  is  a  simple  multiple  of  the  other. 
This  fact  explains  a  rather  unpleasant  experience  that  has  been 
met  with  in  some  instances.  In  order  to  secure  stable  operation 
of  vibrating  alternators  in  parallel,  the  expedient  of  putting  on 
additional  flywheel  has  been  resorted  to  more  than  once,  and  it 
has  proven  more  than  once  to  be  nothing  else  but  a  jump  out 
of  the  frying  pan  into  the  tire.  The  weight  of  the  flywheel 
having  been  increased  at  random,  without  any  regard  to  the 
period  of  oscillations,  the  next-following  time  harmony  was 
reached  in  some  cases,  and  matters  were  worse  after  the  im¬ 
provement  than  before. 

Up  to  this  point  we  had  assumed  that  only  one  alternator 
was  subject  to  the  regular  pulsations  which  are  the  inevitable  re¬ 
sult  of  crank  motion,  and  that  the  others  were  turbine  driven. 
If  this  assumption  be  dropped,  we  by  no  means  face  new  con¬ 
ditions,  but  only  a  complication  of  the  old  ones.  In  this  case 
the  crank  motion  causes  fluctuations  of  speed  in  both  alternat¬ 
ors,  and  the  amplitude  of  the  primary  oscillation  will  therefore 
depend  upon  the  relative  crank  angle  between  the  two  engines. 
If  this  angle  be  zero,  or,  in  other  words,  if  the  positions  of  the 
cranks  coincide,  the  primary  oscillation  disappears,  and  with  it 
the  troublesome  phenomenon  of  resonance.  In  fact,  crank 
synchronism  has  often  been  the  only  way  to  run  engines  with 
heavy  pulsations — gas  engines  for  example — in  parallel.  This 
is  the  reason  why  the  engine  builder  is  apt  to  look  favorablv 
upon  crank  synchronism  and  to  shun  those  crank  positions  in 
which  the  relative  oscillations  reach  their  maximum  value.  In 
this  latter  case  the  mutual  pulling  of  the  cross  currents  is  nat¬ 
urally  much  more  severe  than  in  the  case  of  crank  synchronism, 
but  the  resultant  voltage  of  the  line  is  much  more  uniform,  that 
is  to  say,  less  subject  to  irregularities  in  the  rotation  of  its 
vector.  Accordingly,  it  is  wise  not  to  count  on  the  aid  of 
crank  synchronism,  because  the  electrician  might  come  around 
after  a  while  and  utter  a  kind  request  to  have  matters  changed 
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as  he  could  not  keep  his  rotaries  in  step.  In  case  crank 
synchronism  is  employed,  the  moment  that  the  cranks  pass  one 
dead  center  is  indicated. by  a  bell  signal. 

It  has  been  said  above  that  a  change  of  the  relative  crank 
angle  between  two  engines  affects  the  amplitude  of  the  primary 
oscillation,  but  this  is  about  all  it  does.  Neither  the  rate  of 
pulsation  nor  the  synchronizing  force  of  the  cross  currents  are 
influenced  by  it,  and  consequently  all  that  has  been  said  about 
so  determining  the  inertia  of  the  flywheel,  that  resonance  be¬ 
tween  primary  and  secondary  oscillation  is  hindered,  holds  true 
for  any  relative  crank  angle;  in  connection  with  this  it  may  be 
repeated  that  in  certain  instances  an  increase  of  fly  weight  may 
be  a  decided  change  for  the  worse,  because  it  is  not  the  absolute 
reduced  mass  of  the  flywheel  that  is  decisive  for  good  running, 
but  the  relation  between  this  mass  and  the  svnchronizing  force 
of  the  alternators. 

As  the  synchronizing  force  varies  somewhat  with  the  load, 
it  is  wise  to  stay  away  from  the  critical  time  as  far  as  possible, 
and  to  make  the  period  of  the  secondary  oscillation  four  or  five 
times  that  of  the  primary  oscillation.  To  this  end  certain  cal¬ 
culations  are  required,  and  some  people  don’t  like  calculations. 
To  these  people  the  fact  that  there  are  ways  and  means  to  re¬ 
duce  the  danger  of  the  oscillations  should  afford  great  conso¬ 
lation.  Let  us  return  to  the  comparison  with  the  gravity 
pendulum.  If  the  ball  of  the  pendulum  swings  between  the 
poles  of  a  big  electro-magnet,  the  oscillations  of  the  pendulum 
will  show  the  usual  appearance — that  is,  width  of  amplitude 
diminishing  gradually — as  long  as  there  is  no  current  flowing 
around  the  electro-magnets;  but  the  very  moment  the  current 
is  turned  on  the  ball  stops,  sinks  gradually  down  to  the  lowest 
position  and  stays  there  for  good,  just  as  if  it  had  been  sub¬ 
merged  into  thick  oil.  As  this  remarkable  behavior  is  the  effect 
of  eddy  currents  set  up  in  the  ball,  and  as  copper  has  a  higher 
conductivity  than  iron,  the  experiment  is  much  more  impres¬ 
sive  when  a  copper  ball  is  employed. 
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A  similar  effect  can  he  produced  in  alternating  current 
machinery.  Fig.  7  represents  diagraminatically  part  of  a  gen¬ 
erator.  N  is  a  north  pole,  S  a  south  pole;  A  is  the  armature. 
1)  are  copper  bars  inserted  in  the  pole  and  connected  at  their 


ends,  W  are  copper  shields  or  wedges.  The  maximum  of  the 
armature  currents  occurs  at  -  and  •  .  The  armature  currents 
produce  magnetic  fields,  which  are  indicated  by  the  circles  n 
and  s.  These  magnetic  fields  as  well  as  those  due  to  the  excit- 
ing  current  do  not  change  their  position  as  long  as  the  arma¬ 
ture  is  rotating  with  constant  angular  velocitv.  Since  the  rela- 
tive  position  of  the  resultant  fields  and  the  copper  wires  b 
or  wedges  w  remains  constant,  there  is  no  electro-motive  force, 
to  generate  any  current  in  b  or  w.  But  as  soon  as  the  anna- 
ture  begins  to  oscillate  the  fields  are  distorted,  and  moreover 
their  strength  is  subjected  to  rapid  changes  owing  to  the  in¬ 
fluence  of  the  cross  currents,  if  we  consider  alternators  in  paral¬ 
lel.  These  pulsations  of  the  magnetic  fields  result  in  a  flow  of 
eddy  currents  through  the  bars  b  or  the  wedges  w,  which  are 
the  more  powerful,  the  larger  the  cross  section  of  b  resp.  w. 
Eddy  currents  check  and  stop  the  motion  which  caused  them; 
that  means  in  our  case  the  oscillation  of  the  armature.  Ac¬ 
cordingly  the  use  of  the  copper  bars  or  wedges  offers  a  great 
help  against  the  pumping  or  surging  of  alternators.  A  great 
number  of  alternating  current  generators,  however,  run  satis¬ 
factorily  without  them,  because  the  iron  in  the  poles  produces 
a  similar  though  less  intense  eflect,  which  causes  all  oscillations 
to  die  out  gradually,  unless  they  are  kept  up  by  time  harmony 
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with  some  other  oscillation.  But  there  are  instances  in  which 
the  time  harmony  was  so  close  that  the  application  of  the  cop¬ 
per  dampers  was  the  only  way  of  rendering  parallel  operation 
possible. 

it  should,  however,  be  remembered  that  the  use  of  the 
copper  wedges  or  shields  involves  a  certain  although  compara¬ 
tively  small  loss,  and  that  in  truth  they  are  nothing  else  but  a 
cure  for  the  imperfections  of  the  engine.  The  first  application 
of  the  copper  dampers  was  made  by  Mr.  Leblanc  in  Europe 
(See  “La  Lumiere  Electrique,  Dec.  24,  1892),  and  in  this 
country  by  Mr.  Lamme,  of  the  Westinghouse  Electric  and 
M’f’g  Co. 

Leaving  the  subject  of  oscillations  for  awhile,  we  have  to 
treat  another  very  important  matter,  namely  the  influence  of 
the  engine  governor  upon  a  successful  parallel  operation.  It 
is  generally  known  that  the  function  of  the  engine  governor  is 
to  admit  just  as  much  steam  as  is  required  for  the  load  at  any 


one  moment.  Accordingly,  the  position  of  the  governor  will 
vary  with  the  load,  and  furthermore  there  corresponds  a  certain 
speed  to  each  position  of  the  governor,  so  that  we  may  plot  a 
curve  Bt — Fig.  8 — representing  the  speed  of  the  engine  for 
different  loads.  The  abscissae  measure  the  load,  the  ordinates 
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the  speed.  The  speed  drops  gradually  while  the  load  in¬ 
creases.  Now  let  A 2  B.j  represent  the  corresponding  curve 
for  another  engine,  and  suppose  the  two  engines  to  drive 
alternators  in  parallel.  It  has  been  proven,  in  the  first  part  of 
this  paper,  that  alternators  in  parallel  compel  each  other  to 
maintain  exactly  the  same  speed,  unless  they  are  thrown  out  of 
step  with  each  other  by  undue  oscillations.  Hence  it  follows 
that  the  distribution  of  load  between  the  two  engines  depends 
only  on  the  position  of  their  governors.  Having  the  speed 
curves  A  B  and  A,  B,,  we  can  easilv  find  the  distribution  of 
load  between  the  two  engines,  because  the  condition  of  svn- 
chronism  is  represented  by  a  straight  line,  parallel  to  the  axis 
of  abscissa?.  Thus  we  see  that  whilst  the  distribution  is  even 
for  the  load  a,  any  variation  of  load  either  up  or  downward, 
will  bring  about  a  considerable  difference  in  the  amount  of  load 


oc 

carried  by  either  engine,  as  is  illustrated  by  the  ratios  1  and 

OC2 

,  \  It  ensues  from  these  facts  that  the  “speed  and  load"  curve 
ob2 

of  engines  running  in  parallel  should  be  absolutely  identical. 
This  demand  will  be  approximately  answered  if  the  governors 
give  the  same  drop  of  speed  for  a  change  from  full  load  to  no  load, 
or,  to  use  technical  terms,  if  the  degree  of  stability  or  degree 
of  fluctucation  is  the  same  for  all  the  governors  of  the  engines 


connected  in  parallel.  The  most  proper  value  for  this  degree 
of  stability  will  be  dealt  with  later  on.  If  the  stability  is  not 
the  same  for  all  the  governors  of  the  set,  every  variation  in 
load  will  necessitate  a  corresponding  adjustment  of  the  govern¬ 
ors  by  hand,  to  make  each  engine  do  its  proper  share  of  work. 

The  duty  of  engine  governors  can  perhaps  be  best  illus¬ 
trated  by  analyzing  all  the  circumstances  that  accompany  the 
coupling  of  two  alternators.  To  facilitate  understanding,  we 
may  compare  them  to  two  flywheels  that  are  geared  together 
by  teeth  of  hard  rubber.  If  one  of  them,  say  wheel  No.  1,  is 
running,  and  we  wish  to  throw  the  second  wheel  into  operation 
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by  shifting  it  axially,  so  as  to  make  the  gears  mesh,  we  will, 
in  the  first  place,  have  to  speed  it  up  until  it  runs  at  very  nearly 
the  same  speed  as  wheel  .No.  1  does.  If  there  was  any  consid¬ 
erable  difference  of  speed  in  the  moment  that  the  wheels  are 
thrown  together,  the  teeth  would  simply  be  ripped  off.  This 
danger  grows  in  direct  proportion  with  the  moment  of  inertia 
of  the  wheels.  If  one  of  them  possesses  a  light  rim  and  but 
little  inertia,  the  risk  of  stripping  off  the  teeth  is  greatly  re¬ 
duced,  even  if  the  two  speeds  should  differ  a  little. 

In  addition  to  synchronism  there  exists  another  essential 
condition  for  coupling  the  gears.  The  teeth  of  one  gear  must 
coincide  with  the  spaces  of  the  other  one,  or  else  the  teeth  will 
interfere  and  render  the  axial  shifting  impossible.  Exactly 
the  same  precautions  have  to  be  observed  if  alternators  are  to 
be  coupled  in  parallel.  The  generator  that  is  to  be  connected 
to  the  others  is  run  up  as  closely  as  possible  to  the  speed  of  the 
running  generators  and  at  the  same  time  care  is  taken  not  to 
close  the  switch,  unless  the  generators  are  exactly  in  phase. 
For  detecting  the  synchronism  as  well  as  the  coincidence  of  the 
phase,  a  number  of  different  instruments  have  been  devised,  but 
we  will  suppose  that  a  so-called  phase  lamp  be  used,  that  is  a 
lamp  which  is  connected  to  both  the  working  and  the  idle  gen¬ 
erators.  The  arrangement  is  such  that  the  voltages  counteract 
each  other,  when  they  are  in  phase,  and  the  lamp  remains  dark 
in  this  case.  If  the  speeds  of  the  generators  differ,  the  lamp 
will  beat  at  a  frequency  which  is  in  proportion  to  the  difference 
in  speed.  As  the  engines  approach  synchromism,  the  in¬ 
tervals  between  light  and  darkness  of  the  phase  lamp  grow 
longer  and  longer  if  everything  goes  right.  As  soon  as 
the  beating  has  become  slow  enough,  the  switch  is  closed, 
when  the  phase  lamp  is  extinguished.  The  term  slow 
enough  is,  of  course,  relative,  and  depends  upon  the  judg¬ 
ment  of  the  switchboard  attendant  and  the  urgency  of  the 
case.  Generally  the  load  comes  up  very  slowly,  leaving  ample 
time  for  synchronizing;  in  such  a  case  it  does  not  matter  wheth- 
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er  the  synchronizing  takes  one  or  ten  minutes.  But  there  are 
instances  in  which  things  do  not  run  quite  so  smoothly.  1  have 
in  mind  the  sudden  appearance  of  dark  and  heavy  clouds,  the 
approach  of  which  is  usually  not  noticed  in  t lie  power  house, 
because  most  of  the  alternating  current  generating  stations  are 
far  away  from  the  district  they  supply  with  power  and  light. 
In  this  case  the  load  comes  up  rapidly  and  unexpectedly,  and  the 
synchronizing  has  to  be  done  in  the  shortest  possible  time,  and 
while  the  speed  of  the  generators  is  continually  changing  on 
account  of  the  rising  load.  To  obtain  perfect  synchronism  is 
extremely  difficult  under  such  circumstances;  the  switchboard 
attendant  watches  his  chances  and  throws  the  engines  together 
while  the  lamp  is  dark,  even  though  the  frequency  of  the  beat¬ 
ing  may  have  been  comparatively  high. 

If  we  remember  the  remarks  made  above  about  the  coup¬ 
ling  of  geared  wheels  at  slightly  different  speeds,  it  is  easy  to 
see  that  the  force  necessary  to  keep  the  generators  together  in 
this  moment  depends  upon  the  inertia  of  the  revolving  parts. 
Since  the  flywheels  of  alternators  are  usually  very  heavy,  it 
becomes  evident  that  in  the  case  in  question  the  piece  of  shaft 
between  generator  and  flywheel  is  subjected  to  an  excessive 
strain  which — for  the  same  difference  of  speeds — is  the  more 
severe  the  heavier  the  flywheel.  Thus  the  mass  of  the  flywheel 
which  is  otherwise  beneficial,  as  far  as  the  steadiness  of  running 
is  concerned,  becomes  a  source  of  danger  on  account  of  the  al- 
most  instantaneous  acceleration  it  has  to  undergo.  A  very  good 
expedient  to  relieve  the  shaft  is  a  rigid  spider,  which  transmits 
the  strain  from  the  arms  of  the  generator  directly  to  those  of 
the  flywheel.  Another  arrangement  which  is  even  better  from 
this  point  of  view,  is  to  place  the  necessary  mass  in  the  revolv¬ 
ing  part  of  the  generator,  as  it  secures  the  shortest  way  be¬ 
tween  force  and  resistance. 

Returning  to  the  point  from  which  this  digression  arose, 
namely  the  action  of  the  engine  governors  with  regard  to  the 


178  ENGINEERS’  SOCIETY  OF  WESTERN  PENNSYLVANIA. 

synchronization  of  generators,  we  can  distinguish  three  decid- 
edly  different  ways  of  paralleling: 

First:  The  generator  that  is  to  be  connected  to  those 

O 

which  are  working  runs  idle  with  the  throttle  valve  wide  open. 
The  synchronizing  is  done  by  varying  the  load  on  the  governor 
sleeve. 

Second:  The  starting  generator  runs  idle  with  the  gov- 
ernor  in  working  position.  The  throttle  valve  is  only  partly 
open  and  the  synchronizing  is  effected  by  varying  the  lift  of  the 
throttle  valve. 

Third:  The  starting  generator  is  loaded  artificallv;  the 
synchronizing  is  done  by  varying  the  artificial  load. 

These  methods  will  have  to  be  examined  a  little  closer  in 
order  to  determine  their  relative  value.  The  first  method  is 
decidedly  the  most  commendable;  for  all  the  engineer  has  to  do 
is  to  start  up  the  engine,  while  all  the  rest  can  be  done  by  the 
switchboard  attendant.  If  No.  1  be  the  engine  working  under 
load  and  No.  2  the  engine  to  be  started  up,  Fig.  9  illustrates 
the  conditions  that  prevail  at  the  end  of  the  synchronizing 
period,  a  b  is  the  speed  curve  as  a  function  of  the  load  for 
the  governor  of  engine  No.  1  and  c  d  the  corresponding  curve 
for  engine  No.  2.  The  diagram  shows  that  while  the  speeds 
are  alike,  the  load  on  engine  No.  2  is  zero.  Provided  the 
synchronization  and  the  adjustment  of  voltage  have  been  per¬ 
fect,  closing  the  switch  of  generator  No.  2  will  not  cause  its 
engine  to  take  load.  In  order  to  make  engine  No.  2  take  up 
its  share  of  the  load,  it  is  necessary  to  load  its  governor  down 
after  closing  the  switch,  and  to  relieve  that  of  engine  No.  1 
until  the  two  speed  curves  coincide,  as  indicated  by  the  dotted 
curve,  e  f,  in  Fig.  9.  If  the  two  engines  were  running  in- 
dependent,  the  effect  of  such  a  procedure  would  be  to  speed 
up  No.  2  and  to  slow  down  No.  1,  but,  as  they  are  in  parallel, 
each  generator  compels  the  other  to  maintain  the  same  speed, 
and  the  respective  loading  and  relieving  of  the  governors  re¬ 
sults  only  in  a  transfer  of  load  from  one  engine  to  the  other. 
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As  it  is  a  comparatively  easy  matter  to  vary  the  loud  on  the 
governor  sleeve  by  a  traveling  weight,  or  a  spring  ojierated 
by  an  electromotor,  the  whole  of  the  operation — namely, 
synchronizing,  closing  the  switch,  shifting  and  equalizing  the 
load — can  be  performed  by  the  switchboard  attendant. 


Fig.  9. 


From  the  point  of  view  of  both  convenience  and  relia¬ 
bility, the  method  just  described  is  the  very  best,  and  it  can  be 
found  in  the  most  modern  central  stations  on  both  sides  of  the 
Atlantic.  Nevertheless,  it  is  not  employed  everywhere.  In 
some,  but  very  few,  instances  it  is  not  used  from  mere  ignor¬ 
ance,  and  in  other  cases  it  has  not  been  adopted  on  account  of 
certain  troubles  it  is  liable  to  cause  and  which  will  have  to  be 
set  forth. 

If  a  generator  is  to  be  connected  in  multiple  with  others 
in  the  described  manner,  the  engine  governor  has  to  maintain 
a  steady  speed  during  the  time  of  synchronizing — that  is, 
while  the  engine  is  running  light  and  the  throttle  valve  is  wide 
open.  The  only  variation  in  speed  which  is  desired  and  neces¬ 
sary  is  the  small  amount  required  for  synchronizing,  and  which 
is  to  be  controlled  from  the  switchboard.  Now,  experience 
has  shown  that,  in  many  instances,  synchronizing  has  almost 
been  rendered  impossible  by  an  extremely  irregular  beating  of 
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the  lamps.  Instead  of  slowing  down  gradually,  until  the 
proper  moment  for  closing  the  switch  is  reached,  the  beating 
suddenly  speeds  up  and  slows  down  at  irregular  intervals,  and 
the  attendant  mav  have  to  wait  ten  or  fifteen  minutes,  or  even 
longer,  in  order  to  get  a  chance  of  closing  the  switch.  Here 
we  are  up  against  oscillations- once  more. 

The  question  is:  What  is  the  cause  of  oscillations  of  this 
nature,  and  how  can  they  be  done  awav  with?  At  first  thought 
one  might  be  tempted  to  again  suspect  the  irregularities  of  the 
crank  motion  in  combination  with  the  svnchronizing  force, 
but  a  little  reasoning  will  prove  that  these  factors  are  entirely 
innocent.  In  the  first  place,  there  can  be  no  secondary  oscil¬ 
lation,  due  to  cross  currents,  because  the  starting  generator  is 
running  wholly  independent  of  the  others.  In  the  -econd 
place,  the  oscillations  due  to  crank  motion  alone  are  so  regular 
and  so  small  that — excepting  possibly  in  gas  engines,  where 
the  impulses  occur  at  comparatively  long  intervals — they  can¬ 
not  cause  any  trouble.  It  may  be  here  remarked  that  the 
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amplitude  of  these  crank  motion  oscillations  is  nowadays 
specified  by  the  dynamo  builder  and  very  closely  calculated 
by  the  engine  builder.  The  calculation  starts  with  the  diagram 
of  tangential  crank  efforts  as  an  acceleration  curve,  from  which 

C  ; 

the  speeds  of  oscillation  are  found  as  the  result  of  a  piece  by 
piece  integration.  Applying  the  same  method  to  the  curve 
of  speeds,  we  find  the  displacements.  The  constants  of  in¬ 
tegration  are  determined  by  the  consideration  that  speed  as 
well  as  displacement  must  reach  their  initial  values  at  the 
end  of  one  revolution.  The  sum  of  the  greatest  positive 
and  negative  displacements  is  the  amplitude  of  oscillation. 
As  this  amplitude  is  usually  specified  not  to  exceed  five  to 
eight  electrical  degrees,  it  becomes  evident  that  the  reason  for 
the  oscillations  in  question  has  to  be  sought  somewhere  else. 

Looking  around  for  things  that  can  oscillate,  we  rind  that 
there  are  only  two  left.  One  is  the  flexible  spring  connection 
between  engine  and  generator,  and  the  other  is  the  engine  gov- 
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ernor.  Spring  couplings  between  engine  and  generator  are 
sometimes  used  for  small  and  medium  sized  generators;  but, 
as  they  are  not  in  use  for  the  larger  units,  for  which  the  ques- 
tion  of  parallel  operation  becomes  most  serious,  they  will  not 
be  considered  in  this  paper. 

^)n  the  other  hand,  the  oscillations  of  the  engine  gov¬ 
ernor  are  very  important  and  deserve  careful  attention.  On 
this  subject  books  and  pamphlets  have  been  written  contain¬ 
ing  differential  equations  of  the  third  order.  But  even  without 
entering  into  those  deep  mathematical  speculations,  we  may 
form  a  fairly  correct  opinion  about  the  essential  points. 

Every  engine  governor,  when  working,  is  in  a  state  of 
more  or  less  stable  equilibrium,  and,  when  removed  from  it> 
position  of  equilibrium  will  regain  the  same  after  several  oscil¬ 
lations.  The  pure  and  uninfluenced  form  of  these  oscillations 
can  be  produced  bv  running  a  governor  on  a  testing  machine 
and  pushing  it  up  or  down  by  hand.  The  smaller  the  friction 
in  the  governor,  the  longer  it  will  vibrate  about  the  position 
of  equilibrium;  but,  however  small  the  friction  may  be.  it  will 
iinallv  come  to  rest. 

The  case  becomes  verv  different,  as  soon  as  the  same  gov- 
ernor  is  used  for  controlling  the  valve  gear  of  an  engine.  An 
engine  governor  is  subjected  to  several  influences  tending  to 
produce  oscillations,  such  as  fluctuations  of  speed  due  to  engine 
impulses,  reaction  from  the  valve  gear,  inaccuracies  in  the 
governor  gears,  etc.  These  impulses  return  with  the  greatest 
regularity,  and  are  usually  powerful  enough  to  keep  the  gov¬ 
ernor  in  continual  motion,  which  is  rather  beneficial  to  a  certain 
extent,  because  it  eliminates  the  friction  entirely  and  enables 
the  governor  to  adjust  itself  readily  even  to  the  slightest  change 
of  load.  But  these  same  vibrations  may,  on  the  other  hand, 
cause  a  good  deal  of  trouble;  for  it  must  not  l>e  overlooked 
that  the  position  of  the  governor  apportions  the  amount  of 
steam  to  each  stroke;  and  that  an  oscillating  governor  is  apt  to 
very  the  lengths  of  successive  admissions  of  steam.  But,  since 
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every  difference  between  the  work  generated  in  the  engine  and 
the  work  consumed  by  the  dynamo  has  to  be  stored  up  in 
or  to  be  taken  out  of  the  flywheel  energy,  it  follows  that  gov- 
ernor  oscillations  will  produce  speed  variations  of  the  engine, 
or  in  other  words,  engine  oscillations. 

To  make  matters  still  more  complicated,  the  engine  oscil¬ 
lation  reacts  upon  the  governor,  and  thus  furnishes  another 
motive  for  governor  oscillations.  With  a  sensitive  and  almost 
frictionless  governor,  the  oscillations  in  question  will  cause  the 
governor  to  hunt  up  and  down  by  jumps  and  even  to  bang 
against  the  stops  that  limit  its  travel.  This  phenomenon  is 
most  likely  to  be  observed  if  the  natural  period  of  oscillation 
of  the  governor  is  in  time  harmony  with  the  revolutions  of  the 
engine.  Experience,  however,  has  proved  that  even  governor 
oscillations  of  comparatively  small  amplitude,  and  which  can 
hardly  be  termed  hunting,  suffice  to  endanger  the  possibility  of 
parallel  operation.  It  must  be  remembered  that  the  starting 


Fig.  10. 

engine  runs  light,  and  that  its  indicator  card  will  have  the 
appearance  of  Fig.  10;  the  area  of  the  card,  as  well  as  the  length 
of  cut-off,  is  very  small,  just  sufficient  to  overcome  the  friction 
of  the  engine.  If  the  cut-off  is  lengthened  slightly,  a  narrow, 
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Imt  long  strip  is  added  to  the  area  of  work,  the  engine  >pee<U 
up,  and  one  or  two  strokes  follow  without  any  steam  admission 
at  all.  The  speed  variations  under  light  or  no  loads  have  been 
found  to  he  particularly  troublesome  in  engines  that  are  equip¬ 
ped  with  releasing  valve  gears.  The  sharp  edges  of  the  trip¬ 
ping  device  are  gradually  rounded  oil'  by  wear.  The  result  is, 
that  the  latch  either  does  not  catch  and  therefore  admits  no 
steam  at  all,  or  it  does  catch  and  admits  more  steam  than  is 
sufficient  and  necessary  for  running  the  engine  steadily  with¬ 
out  load.  This  fact,  too,  tends  to  produce  oscillations,  and  if 
it  happens  that  all  the  oscillations  enumerated  so  far  act  to¬ 
gether,  the  paralleling  of  such  engines  is  almost  impossible. 

After  pointing  out  so  many  defects,  it  is  desirable  that 
we  should  indicate  some  of  the  existing  methods  of  curing  them. 

Of  all  the  methods  employed  in  attempting  a  reduction  of 
the  fluctuations  in  speed,  the  use  of  large  flywheels  has  met 
with  the  greatest  favor  in  this  countrv.  The  reasoning  for  the 
use  of  large  and  heavy  flywheels  is  extremely  simple  —  the 
amplitude  of  any  oscillation,  from  whatever  cause  it  may 
arise,  is  diminished  in  almost  the  same  ratio  as  the  moment  of 
inertia  of  the  flywheel  is  increased.  But,  nevertheless,  even 
the  tremendously  heavy  flywheels  of  some  of  the  modern 
alternators  have  not  been  able  to  keep  the  speed  variations  that 
result  from  hunting  governors  or  imperfect  valve  gears  within 
reasonable  limits.  It  seems  more  proper,  therefore,  to  go  to 
the  root  of  the  evil,  and  to  attack  the  primary  causes  which 
produce  the  oscillations,  instead  of  simply  reducing  their  con¬ 
sequences  by  extremely  heavy  flywheels,  which  make  the  whole 
outfit  clumsy  and  endanger  the  shaft  of  the  engine  in  case  the 
switch  is  closed  at  an  improper  time.  From  this  standpoint, 
three-crank  engines  are  preferable  to  two-crank  or  single¬ 
crank  engines,  because  they  give  a  more  uniform  turning 
moment,  and  therefore  do  not  require  excessively  heavy  fly¬ 
wheels,  provided  that  the  angles  between  the  cranks  have  been 
so  determined  as  to  give  the  best  results. 
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The  valve  gear  should  receive  the  most  careful  attention. 
The  tripping  latches  of  releasing  gears  should  be  made  of  the 
very  best  steel,  and  made  as  hard  as  glass,  with  perfectly  sharp 
edges.  In  addition,  they  should  be  replaced  or  turned  over, 
so  as  to  present  new  wearing  edges,  before  the  working  edge 
has  been  rounded  oft  appreciably.  Balanced  slide  valves  or 
round  valves  should  be  scraped  and  rescraped  patiently,  until 
the  last  bit  of  leakage  has  entirely  disappeared. 

Undue  governor  oscillations  call  for  the  use  of  adjustable 
friction  brakes  or  oil  dash  pots,  and  for  a  good  drop  of  speed 
between  no  load  and  full  load,  or,  in  other  words,  a  high 
degree  of  stability.  Aside  from  the  already  mentioned  danger 
of  causing  an  uneven  distribution  of  load  between  the  genera- 
tors,  a  small  degree  of  stability  is  very  conducive  to  oscilla¬ 
tions,  which  will  be  easily  understood  if  we  remember  that  a 
governor  with  great  stability  resembles  a  pendulum  hung  up 
from  a  short  string,  and  that  a  governor  with  small  stability 
corresponds  to  a  pendulum  hung  up  from  a  long  string.  If  a 
long  and  short  pendulum  of  the  same  mass  are  hanging  at  rest, 
and  are  both  communicated  an  equal  amount  of  energy  by 
impact,  the  long  pendulum  will  swing  much  farther  away  from 
the  initial  position  than  the  short  one.  Similarly,  a  governor 
of  small  stability  is  much  more  liable  to  hunt  than  one  of 
higher  stability.  Experience  has  proven  that,  for  alternating 
current  work,  3  %  total  drop  of  speed  should  be  considered 
as  lowest  allowable  limit,  and  that  4  or  5  %  is  still  better,  both 
to  prevent  oscillations  and  to  allow  an  even  distribution  of  load 
among  the  working  generators.  It  is  true  that  the  drop  of 
speed  involves  a  corresponding  drop  of  voltage,  but  with 
increasing  load  the  voltage  of  alternators  drops  considerably, 
even  though  the  speed  may  be  kept  constant,  so  that  a  little 
more  or  less  does  not  make  any  difference.  The  switchboard 
attendant  has  to  make  up  for  the  drop  by  his  rheostat  in 
either  case. 

An  extensive  discussion  of  the  question  whether  a  friction 
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brake  or  an  oil  dash-pot  be  preferable  for  damping  the  gov¬ 
ernor  oscillations  would  exceed  the  limits  of  this  paj>er.  Never¬ 
theless  a  few  remarks  may  l>e  useful.  Either  kind  of  brake 
has  given  satisfaction,  when  properly  made  and  properly  ad¬ 
justed.  Suitable  means  for  adjusting  the  retarding  action  of 
the  brake  is  one  of  the  principal  requirements,  because  it  would 
be  unwise  to  retard  the  governor  motion  any  more  than  abso- 
lutely  necessary.  The  adjustable  friction  brake  is  particularly 
suitable  for  use  in  connection  with  shaft  governors,  as,  unlike 
a  dash-pot,  it  contains  no  oil  which  might  leak  out.  This  is  a 
decided  advantage  over  the  oil  brake,  because  leaky  dash-pots 
have  caused  considerable  trouble  in  the  parallel  running  of 
alternators.  Besides,  refilling  the  dash-pot  of  a  shaft  governor 
is  mostly  a  very  troublesome  job. 


Fig.  1 1  represents  one  type  of  friction  brake.  A  is  the 
stationary  part.  B  is  a  pin  oscillating  with  the  movement  of 
the  governor.  C  is  the  movable  friction  disc  connected  to  B 
by  means  of  feather,  I).  E  is  a  spring  pressing  C  against  A. 
The  pressure  is  regulated  by  nuts,  F.  .The  insertion  of  the 
spring  is  necessary,  because  otherwise  the  retarding  action 
would  be  too  much  affected  by  wear  and  changes  of  tern- 
perature.  The  friction  brake  should  not  be  lubricated,  in  order 
that  the  co-efficient  of  friction  may  be  reasonably  constant. 

While  the  friction  brake  is  equally  applicable  to  the 
pendulum  type  of  governor,  this  type  is  commonly  equipped 
with  oil  brakes.  The  ordinary  style  of  oil  brake  may  be  modi- 
tied  advantageously  to  approximate  and  even  surpass  the  action 
of  the  friction  brake.  The  object  of  the  modification  is  to  kill 
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all  possible  governor  oscillations  “in  statu  nascendi” — that  is, 
to  brace  the  governor  up  against  sudden  and  short  move¬ 
ments,  which  might  arise  from  any  of  the  reasons  mentioned 
above,  without  hindering  its  adjusting  itself  easily  to  changes 
of  load.  A  design  which  embodies  these  features  was  de¬ 
scribed  by  Mr.  Emmet  in  the  Electrical  World ,  of  January  20, 


1900.  It  is  sketched  in  Fig.  12.  The  springs,  S,  tend  to 
press  the  valves,  Y,  inwards  against  the  stop  pins,  P.  If  the 
valves,  Y,  fit  tight,  the  dash-pot  piston,  and  with  it  the  gov 
ernor,  can  move  only  in  pressing  the  oil  through  one  of  the 
very  small  holes,  H,  which  offer  an  extremely  high  resistance, 
and,  accordingly,  prevent  any  oscillations  or  vibrations.  But 
in  case  of  a  change  of  load,  the  pressure  on  the  dash-pot  piston 
will  be  steady,  and  as  soon  as  valve,  Y,  has  traveled  through 
its  lap  a  wide  passage  is  opened  to  the  oil,  and  the  governor 
may  travel  quickly  to  its  new  position  of  equilibrium.  The 
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pressure  anti  stiffness  of  spring,  S,  and  the  size  of  holes,  II, 
cannot  be  determined  theoretically,  but  should  be  found  out  by 
experiment.  It  will  be  readily  seen  that  this  oil  brake  reverses 
the  principle  which  has  been  used  in  direct  current  practice — 
namely,  to  give  the  dash-pot  lost  motion,  or  to  attach  it  by  a 
flexible  connection,  so  as  to  allow  the  governor  quick  move¬ 
ments  of  short  range,  but  to  check  the  hunting  action  to  which 
governors  of  small  stability  are  particularly  given.  The  dash- 
pot  just  described  is  the  invention  of  Mr.  Harte  Cook. 

These  reasonings  fully  explain  the  fact  proved  by  ex¬ 
perience,  that  synchronizing  and  paralleling  alternators,  while 
the  starting  engine  is  running  light  with  its  throttle  valve  wide 
open,  is  almost  always  a  hard  job  with  new  engines,  and  that, 
to  obtain  the  best  results,  care  and  patience  are  needed  for 
making  the  proper  adjustments,  or  even  alterations. 

With  the  intention  of  avoiding  these  troubles,  some  build¬ 
ers  have  been  led  to  adopt  one  of  the  two  other  methods  of 
synchronizing  stated  above — namely,  either  to  run  the  starting 
engine  0n  the  throttle  or  to  load  it  artificially. 

It  is  self-evident  that  wire-drawing  the  steam  diminishes 
the  troublesome  engine  oscillations  which  result  from  governor 
oscillations  or  imperfect  valve  gears,  because  with  throttled 
steam  a  leakage  or  variation  in  cut-off  will  produce  only  a 
small  portion  of  the  effect  that  would  be  produced  by  live 
steam  under  the  same  circumstances.  If  the  soothing  influ- 
ence  of  the  throttle  valve  is  made  use  of,  the  speed-adjusting 
device  of  the  governor  may  apparently  be  dropped  altogether, 
and  this  has  been  done  frequently,  because  the  speed  of  the 
idle  running  engine  may  be  regulated  fairly  well  bv  the 
throttle.  In  this  case  the  success  of  quick  synchronizing 
does  not  only  depend  upon  the  skill  of  the  switchboard  at¬ 
tendant,  but  much  more  so  upon  that  of  the  engine  driver, 
who  operates  the  throttle,  and  for  whose  convenience 
phase  lamps  should  be  hung  up  at  each  engine.  This  method 
is  in  use  even  in  some  of  the  largest  stations  in  this  country. 
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but  nevertheless  it  must  be  looked  upon  as  a  makeshift  and  as 
not  representing  the  highest  stage  of  perfection.  By  the  way, 
it  may  be  remarked  that  without  speed  changing  devices  on  the 
governors  a  gradual  shifting  of  load  from  one  engine  to  another 
can  be  effected  only  by  using  the  throttle  valve  of  one  of  the 
engines. 

The  last  of  the  three  ways  of  paralleling,  namely,  the  arti¬ 
ficial  loading  of  the  starting  engine,  has  been  employed  but 
very  seldom  in  steam  engine  practice,  in  fact  only  in  the  most 
desperate  cases,  but  it  has  met  with  greater  favor  in  connection 
with  gas-engine  driven  alternators.  It  is  extremely  difficult  to 
govern  a  gas-engine  running  idle,  so  that  the  very  small  impulses 
which  are  necessary  and  sufficient  to  maintain  a  steady  speed 
are  exactly  alike.  Owing  to  the  small  quantity  of  gas  contained 
in  the  charge  when  the  engine  is  running  idle,  the  mixture  fails 
to  ignite  regularly,  and  the  regulation  approaches  the  hit  and 
miss  principle  more  than  is  compatible  with  the  maintenance 
of  a  fairly  constant  speed.  When  we  consider  in  addition  the 
variations  in  speed  due  to  the  fact  that  the  impulses,  even  when 
occurring  regularly,  are  comparatively  heavy  and  far  apart  in 
gas  engines,  it  becomes  evident  that  synchronizing  gas  engine 
driven  alternators  is  anything  but  easy,  at  least,  if  the  starting 
engine  runs  light.  Here  the  artificial  loading  of  the  starting 
engine  steps  in  helpfully.  With  an  engine  working  against  a 
considerable  load,  the  action  of  the  governor  is  more  reliable, 
and  in  pursuance  of  this  idea  all  kinds  of  artificial  loads,  from 
large  coils  of  wire  down  to  saltwater  tubs,  have  been  used. 
Although  these  devices  answer  the  purpose,  they  can  hardly  be 
considered  as  elegant  solutions  of  the  problem. 

A  verv  neat  and  effective  means  of  loading  the  engine  dur- 
ing  the  time  of  synchronizing  can  be  obtained  by  inducing  eddy 
currents  in  the  flywheel  rim.  Koerting  Brothers,  in  Hanover, 
Germany,  introduced  this  method  about  two  years  ago.  Their 
so  called  “MAGNETIC  FLYWHEEL  BRAKE,”  Fig.  13, 
consists  of  a  large  electro-magnet  which  is  fastened  to  the  floor 
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near  the  flywheel  rim.  If  a  current  of  sufficient  strength  be 
sent  through  the  coil  of  the  magnet,  strong  eddy  currents  are 
induced  in  the  rim,  which  act  as  a  very  efficient  brake.  With 
the  aid  of  a  rheostat  this  load  mav  be  varied  at  will,  and  thus 
the  device  may  be  used  not  only  for  making  an  engine  take  up 
work  gradually,  but  also  for  cutting  the  engine  out  of  service. 

O  v  7  P  c 


In  the  same  measure  as  the  artificial  load  is  applied  in  the  latter 
case,  the  working  load  is  shifted  over  to  the  other  engine  or 
engines,  the  switch  may  be  opened  and  the  flywheel  brake  load 
removed.  The  possibility  for  the  occurence  of  the  annoying 
oscillations  is,  therefore,  greatly  diminished,  and  Koerting 
Bros,  succeeded  in  running  in  parallel  gas  engines  showing 
fluctuations  in  speed  of  1  -$•%  per  revolution.  The  magnetic  fly¬ 
wheel  brake  has  been  patented  in  Europe,  but  has,  as  far  as  I 
know,  not  been  patented  in  this  country.  As  a  natural  conse¬ 
quence  of  the  eddy  currents,  the  rim  of  the  flywheel  gets  warm, 
and  if  the  brake  were  used  for  a  considerable  length  of  time, 
might  even  get  so  hot  as  to  endanger  the  safety  of  the  wheel; 
this,  however,  is  not  very  likely  to  happen,  because  with  the 
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aid  of  the  brake  the  time  needed  for  synchronizing  is  compar 
atively  short. 

The  subject  of  this  paper  is  by  no  means  yet  exhausted. 
There  remain  still  several  points  which  the  engine  builder 
might  perhaps  consider  of  minor  importance  but  which  are  apt 
to  cause  trouble,  when  acting  in  conjunction  with  other  defects. 
As  a  few  examples,  1  will  mention  the  oscillations  due 
to  unbalanced  weights  in  shaft  governors  or  radial  valve 
gears  and  the  speed  variations  that  are  due  to  sticking 
or  binding  governors.  It  is,  of  course,  impossible  to  enumer¬ 
ate  all  the  details  that  are  to  be  looked  after  in  case  of  trouble, 

/ 

because  they  vary  with  the  type  of  engine,  valve  gear,  gov¬ 
ernor,  etc. 

In  conclusion,  we  may  say  that  the  successful  parallel 
operation  of  alternators  is  almost  entirely  a  question  of  uniform 
rotative  speed  of  the  engine,  and  that  most  of  the  troubles  met 
with  arise  from  oscillations  that  are  in  time  harmony  with  the 
speed  variations  of  the  prime  mover.  But  nevertheless  the 
blame  cannot  always  be  fixed  upon  the  engine.  The  proposi¬ 
tion  is  very  well  illustrated  by  the  fact  that  an  alternating 
current  generating  station,  which  has  been  working  satisfactor¬ 
ily  may  be  completely  upset,  as  soon  as  a  rotary  converter  or 
a  synchronous  is  added  to  the  system.  Each  of  the  two  is 
liable  to  set  up  oscillations  of  its  own  which  react  on  the  gen¬ 
erator,  and  thus  introduce  another  possibility  for  resonance. 
The  relations  between  generator  and  rotary  bear  a  very  close 
resemblance  to  the  relations  which  exist  between  generators  in 
parallel,  and  therefore,  the  addition  of  a  rotary  converter  may 
necessitate  alterations  to  the  adjustments  of  the  engine.  In 
fact,  systems  that  contain  rotary  converters  and  synchronous 
motors  are  subject  to  disturbances  much  more  than  other  cir¬ 
cuits.  But  here  we  are  trespassing  on  the  field  of  the  electri¬ 
cian,  and  we  might  just  as  well  close  the  paper  with  the  remark 
that  the  parallel  operation  of  alternators  which  is  gaining  in 
importance  every  day  has  more  than  anything  else  impressed 
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the  fact  upon  the  engine  builder  that  success  in  this  line  is 
|M)ssible  only  by  a  combination  of  good  design  before  and 
careful  adjustment  after  the  engine  is  built. 


DISCUSSION. 

Mr.  H.  W.  Fisher — Gentlemen,  you  have  listened  to  a 
most  interesting  paper  and  I  feel  I  can  say  that  those  who  are 
not  electrical  engineers  can  easily  follow  this,  it  deals  with  a 
very  complex  subject,  indeed,  and  Mr.  Trinks  has  certainly 
treated  it  in  an  admirable  manner.  We  have  with  us  one  of 
our  most  noted  members,  Mr.  Lange,  who  I  would  ask  to  open 
the  discussion. 

Mr.  Philip  Lange — 1  believe  I  am  out  of  my  place  in 
making  a  speech  here.  I  am  only  the  man  who  builds  the 
dynamos,  not  the  one  who  runs  them.*  1  am  glad  to  say  1  am 
removed  from  that  trouble.  My  attention  is  involved  in  dif¬ 
ficulties  such  as  placing  copper  bars  and  wedges  in  the  poles  of 
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dynamos  and  that  is  about  all  it  has  affected  me.  What  the 
%} 

results  have  been  are  so  far  removed  from  my  subject  that  1 
can  hardly  give  you  any  information  upon  the  subject. 

A  Visitor — 1  had  a  case  once  where  a  fluctuation  occurr¬ 
ed  each  revolution.  It  was  a  Westinghouse  compound  engine. 
When  the  machines  were  coming  into  step  there  was  a  fluctu¬ 
ation.  It  would  increase  and  again  decrease  the  same  number 
of  steps.  The  engine  would  keep  the  same  average  speed  foi  an 
hour  at  a  time  with  the  throttle  wide  open.  The  light  would 
go  out  for  possibly  two  minutes  at  a  time.  1  would  like  to  ask 
Mr.  Trinks  to  explain  the  cause  of  this.  To  change  the  load 
on  the  engine  it  would  go  to  pieces,  and  by  changing  the 
engine  to  a  full  load  it  would  not  operate  a  full  load. 

Mr.  Trinks — It  is,  of  course,  impossible  to  find  the  cause 
of  this  particular  trouble  without  seeing  and  studying  the 
engine,  but,  as  far  as  I  can  judge  from  the  description,  it 
might  be  caused  by  tightening  up  the  governor  springs.  The 
stability  of  most  governors  is  affected  by  a  variation  of  the 
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spring  load.  If,  in  order  to  speed  the  engine  up  or  to  make  it 
carry  more  load,  the  tension  of  the  spring  is  increased,  the 
governor  becomes  less  stable  and  loses  its  resistance  against 
the  external  forces  which  tend  to  produce  oscillations. 

Mr.  \Y.  E.  Snyder — I  think  Mr.  Trinks  mentioned  one 
of  the  methods  of  changing  and  varying  speed  of  engines  to 
bring  them  into  step  was  by  changing  the  governor.  I  think 
he  said  that  was  one  of  the  best  methods.  I  was  going  to  ask 
if  that  would  be  practicable  in  the  shaft  driven  method,  and  if 
not,  what  would  be  the  best  way  in  an  engine  driven  by  a  shaft. 

Mr.  W.  Trinks — The  cpiestion  how  to  change  the 
speed  of  shaft  governors  is  very  interesting,  because 
shaft  governors  are  not  as  easily  accessible  as  pendu¬ 
lum  governors.  It  is  obvious  that  the  speed  of  the 
governor  can  be  changed  by  varying  either  the  tension 
of  the  spring  or  its  leverage,  or  by  moving  the  center  of 
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gravity  of  the  revolving  weight  in  or  out.  The  problem  how 
to  accomplish  this  by  an  axial  motion,  while  the  engine  is  run¬ 
ning,  has  been  solved  by  a  number  of  devices,  which  may  be 
divided  into  two  classes.  In  the  first  class  the  governor  end 
of  the  shaft  is  accessible  ;  in  this  case  a  rod  is  carried  through 
a  hole  in  the  shaft  and  operates — through  a  slot  in  the  shaft — 
a  cam  or  a  toggle  joint,  or  a  link  motion  or  two  crossed  racks 
with  inclined  teeth.  The  free  end  of  the  rod  is  threaded,  and 
the  rod  is  pushed  in  or  pulled  out  by  a  nut  which  is  controlled 
either  by  hand  or  by  an  electromotor.  In  the  second  class  the 
governor  end  of  the  shaft  is  not  accessible  ;  in  this  ease  the 
cams,  bell  cranks,  etc.,  have  to  be  operated  by  a  collar  which 
is  similar  to  the  sleeve  of  pendulum  governors.  The  accom¬ 
panying  sketch  shows  one  way  to  obtain  a  motion  in  a  radial 
or  an  inclined  direction  with  the  aid  of  a  revolving  cone  and  a 
double-armed  lever.  Instead  of  the  hand-wheel  shown  in  the 
sketch  an  electromotor  may  be  employed.  The  sketch  is  in¬ 
tended  to  explain  the  general  principle  only,  and  does  by  no 
means  represent  the  best  possible  solution  of  the  problem. 

A  vote  of  thanks  was  extended  to  Mr.  Trinks  for  his  very 
excellent  paper. 

On  motion  the  Society  adjourned  at  10:05  P.  M. 

C.  W.  Rl DINGER, 

Secretory. 
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MEETING  OF  THE  CHEMICAL  SECTION. 

The  regular  monthly  meeting  of  the  Section  was  held  in 

O  o 

the  rooms  of  the  Society,  Thursday  evening,  May  22d,  with 
Chairman  A.  G.  McKenna  presiding. 

The  minutes  of  the  last  meeting  were  read  and  approved. 

Prof.  Phillips  announced  that  any  additions  to  the  papers 
written  by  the  members  to  appear  in  the  forthcoming  book  on 
“  Methods  of  Analysis  of  Iron  and  Steel  ”  should  be  sent  in 
at  once. 

In  the  discussion  which  followed  attention  was  called  to 
the  nature  of  the  white  fumes  which  were  emitted  during  car¬ 
bon  combustions  in  a  platinum  tube.  Several  members  stated 
that  this  condition  arose  when  the  platinum  boat  was  not  thor¬ 
oughly  clean,  and  also  during  the  first  one  or  two  of  several 
combustions. 

The  theory  was  advanced  that  the  vapor  was  a  copper 
compound,  but  it  was  shown  that  all  the  copper  compounds 
were  absorbed  by  the  barium  hydrate. 

The  usual  method  given  for  obtaining  iridium  in  solution 
by  converting  it  into  a  chlorid  proved  to  be  unsatisfactory  in 
several  experiments  conducted  by  Prof.  Phillips.  The  metal 
was  mixed  with  common  salt  and  placed  in  a  glass  combustion 
tube,  through  which  moist  chlorin  gas  was  passed.  Ileat  was 
applied  in  degrees  ranging  but  from  a  dull  red  to  a  point 
sufficient  to  soften  glass,  but  when  the  mixture  was  taken  out 
of  the  tube  and  placed  in  water  the  iridium  remained  undis¬ 
solved. 

A  motion  was  made  that  Mr.  Mohr  prepare  a  paper  on 
Monongahela  River  water. 

The  meeting  then  adjourned. 

Abraham  Grose, 

Secretary  C.  S. 
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THIS  SOCIETY  DOES  NOT  HOLD  ITSELF  RESPONSIBLE  FOR  THE  OPINIONS  OF  ITS  MEMBERS 


The  two  hundred  and  sixteenth  regular  monthly  meeting 
of  the  Engineers’  Society  of  Western  Pennsylvania  was  held 
in  the  Lecture  Room  of  the  Society's  House,  410  Penn  Ave., 
Pittsburgh,  Pa.,  Tuesday  evening,  June  IS,  1901,  the  Vice- 
President,  Mr.  Phillips,  being  in  the  chair  and  34  members 
and  visitors  present.  The  meeting  was  called  to  order  at  8:50 
o’clock. 

The  minutes  of  the  preceding  meeting  were  read  and  ap¬ 
proved. 

For  the  Board  of  Directors  the  foil  wing  applicants  were 
reported  as  passed  and  to  be  voted  for  at  the  next  meeting: 

WILLIAM  E.  CONROY,  -  -  General  Manager, 

Conroy,  Prugh  &  Co.,  1420  Penna. 
Ave.,  Allegheny,  Pa. 

HENRY  L.  IRWIN,  -  -  -  Secretary  A  Treasurer, 

Marlin  cN;  Co.,  Inc.,  23d  and  Small- 
man  Sts.,  Pittsburg,  Pa. 

RUSSELL  E.  WAGGONER,  -  -  Draftsman, 

Carnegie  Steel  Co.,  33d  St.  Mills, 
Pittsburg,  Pa. 

The  following  gentlemen  were  balloted  for  and  duly  elect- 

c  c  %/ 

ed  to  membership: 

AMBROSE  NEYIN  DIEHL,  -  Assistant  Superintendent, 

Blast  Furnaces  of  Carnegie  Steel  Co., 
Duquesne,  Pa. 

LAWRENCE  M.  HARTZELL,  With  Carnegie  Steel  Company, 

Homestead,  Pa.  College  Ave.  and 
Howe  St.,  Pittsburg,  I’a.. 

HARRY  D.  HERSHEY,  -  -  Electrician, 

Iron  City  Engineering  Co.,  410  Penn 
Avenue,  Pittsburg,  Pa.,  Irwin,  Pa. 
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CHARLES  FABER  O’ HAGAN,  - 

JOHN  N.  OSTROM,  -  '  - 

HENRY  S.  PAGE, 

WEAVER  HENRY  ROGERS, 

SAMUEL  BRENT  WHINERY,  - 

CHARLES  HANCOCK  WOOD, 


Draftsman, 

With  Wm.  B.  Scaife  &  Sons,  221 
First  Avenue,  Pittsburg,  Pa. 

Bridge  Engineer, 

130<)  Park  Bklg.,  Pittsburg,  Pa. 

Assistant  Purchasing  Agent, 

Crucible  Steel  Company  of  America. 
318  Lang  Avenue,  Pittsburg,  Pa. 

Secretary  &  Treasurer, 

Pittsburg  &  Birmingham  Traction 
Company.  Pittsburg,  Pa. 

Foreman, 

Pittsburg  Blue  Print  Company,  Park 
Building,  Pittsburg,  Pa. 

Draftsman, 

American  Bridge  Company, 

1207  Fayette  St.,  Allegheny,  Pa. 


The  President — A  letter  was  received  recently  from  the 
Secretary  of  the  International  Congress  of  Engineers  to  be  held 
in  Glasgow,  and  they  ask  this  Society  to  appoint  a  delegate  to 
attend  the  Congress.  The  letter  was  read  to  you  at  the  last 
meeting,  and  the  Board  of  Directors  has  appointed  Mr.  C.  B. 
Albree,  who  has  consented  to  be  present  in  Glasgow  and  re¬ 
present  us  at  that  meeting. 

Mr.  S.  B.  Ely,  For  the  Library  Committee,  reported  that 
they  had  held  one  meeting  and  had  gone  over  some  of  the  past 
records  and  lists  of  books,  etc.,  but  further  than  looking  them 
over,  they  had  done  nothing,  and  they  have  not  been  able  to 
pass  upon  them  finally,  but  hope  to  be  able  to  report  at  the 
next  meeting. 

O 

Mr.  Geo.  S.  Davison — The  House  Committee  has  suc¬ 
ceeded  in  getting  about  $1200  together,  and  they  hope  to  have 
some  more  before  they  are  through.  Something  over  twenty 
members  out  of  four  hundred  and  fifty  members  have  contribut¬ 
ed,  and  we  undertook  to  find  out  who  would  not  be  likely  to 
contribute,  and  I  do  not  believe  we  have  all  the  answers  in,  be¬ 
cause  we  have  only  about  twenty.  I  do  not  know  whether  that 
is  a  good  sign  or  not.  I  hope  it  is.  That  would  mean  that  we 
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'  ought  to  get  several  thousand  dollars  vet.  This  committee  has 
pledged  itself  that  if  the  memhers  will  contribute  ^  10  apiece, 
it  will  add  very  largely  to  the  fund  by  personal  solicitation 
afterwards.  We  have  been  waiting,  and  are  waiting  yet,  for  the 
members  to  show  their  disposition,  with  the  result  just  spoken. 
We  hope  in  the  fall,  when  we  get  together  again,  to  make  a 
much  better  showing. 

Mr.  F.  Z.  Schellenberg — The  Committee  on  Technical 

School  had  some  communications  that  were  handed  in  at  the 

last  meeting,  and  have  been  published  in  the  April  number  of 

the  proceedings.  I  think  all  I  wanted  to  say  is  that  we  are 

like  the  former  speaker,  in  expectancy  of  the  receipt  of  more 

communications,  and  we  would  like  to  then  be  discharged.  We 

will  edit  these  communications  if  they  continue  to  overflow. 

«/ 

Next  in  order,  was  the  reading  of  the  paper  of  the  even¬ 
ing  entitled  “The  Selection  of  a  Steam  Boiler,"  by  Mr.  W. 
E.  Snyder. 

t / 
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THE  SELECTION  OF  A  STEAM  BOILER 


BY  W.  E.  SNYDER,  M.  E. 


The  first  step  in  the  great  process  of  the  transformation  of 
the  latent  heat  of  fuel  into  living  force,  is  the  combustion  of 
that  fuel  in  a  furnace,  or  the  generation  of  heat.  The  writer 
discussed  this  subject  some  time  ago  in  a  paper  before  the  En¬ 
gineer's  Society  of  Western  Penn’a  under  the  title  of  Mechanical 
Devices  Applied  to  Firing  Steam  Boilers.  At  that  time  he 
was  invited  to  present  the  same  paper  in  German  before  the 
Technischer  Verein  of  Pittsburg,  but  for  certain  reasons  it  was 
thought  best  not  to  do  so.  In  the  fulfillment  of  a  promise  made 
at  that  time,  this  paper  is  submitted  and  deals  with  the  second 
step  of  that  great  transformation  mentioned  above,  or  the 
transference  of  the  heat  from  the  furnace  to  the  boilei,  the 
generation  of  steam. 

This  paper  has  been  called,  The  Selection  of  a  Steam 
Boiler,  because  that  is  the  most  important  work  in  the  entire 
development  of  the  plant.  More  can  be  done  in  less  time  be¬ 
fore  a  contract  is  let  than  at  any  subsequent  period,  and  we 
may  say  with  emphasis  that  the  successful  operation  of  a  boiler 
plant  begins  about  three  months  before  the  contract  for  the 
boilers  is  let. 

To  the  ordinary  mind  a  steam  boiler  is  a  huge  vessel  of 
somewhat  uncertain  shape  and  indefinite  proportions  into  which 
water  is  pumped  and  from  which  steam  is  drawn.  To  hear 
discussions  of  various  matters  relating  to  boilers  by  men  of 
average  intelligence,  but  of  limited  technical  experience  or 
knowledge,  shows  at  once  the  truth  of  the  above  statement. 
Their  conceptions  of  a  ‘ ‘fire  tube'1  and  a  i ‘water  tube"  are 
about  as  clear  as  is  their  comprehension  of  the  difference  be¬ 
tween  a  hydrostatic  test  and  an  evaporative  trial. 
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That  this  is  true  is  no  discredit,  nor  is  it  at  all  surprising, 
for  such  men  usually  have  specialties  in  other  fields  and  are 
only  incidentally  brought  in  contact  with  matters  relating  to 
boilers.  But  this  is  the  point.  Such  men  ought  not,  for  their 
own  good  or  for  the  good  of  their  employers,  assume  the 
responsibility  of  selecting  boilers.  Too  often  the  astute 
business  man  buys  boilers  about  the  same  as  he  would  bars  of 
soap.  lie  says  in  substance,  “Send  me  up  six."  Nothing  is 
specified  but  the  price. 

What  engineers  have  not  known  of  firms  that  would 
quibble  and  haggle  with  common  labor  in  the  endeavor  to  re¬ 
duce. their  meager  daily  wage  yet  another  nickel,  while  up  their 
stacks  went  fuel  and  heat,  and  out  from  their  ash  pits  went 
fuel  in  abundance,  year  after  year,  enough  if  saved,  to  have 
bought  homes  for  many  of  their  working  men'  And  this  be¬ 
cause  they  bought  their  boilers  grocery  store-plan  from  a  clerk 
across  a  “counter.” 

Even  suppose,  however,  that  an  untechnical  but  intelligent 

business  man  desired  to  post  himself  on  boiler  matters  so  that 

he  would  be  competent  to  make  such  selection  himself,  he  could 

not  do  it,  however  conscientiously  he  might  try.  One  reason 

for  this  is  that  for  the  proper  comprehension  of  boiler 

phenomena  an  intimate  knowledge  of  the  fundamental  principles 

of  the  natural  sciences  is  necessary.  Another  reason  is  that 

*/ 

very  little  can  be  gleaned  from  books  and  periodicals  on  the 
subject  of  boilers  by  the  untechnical  man.  So  much  is  publish¬ 
ed  that  is  the  merest  elementary  trash  and  of  no  value  what- 

*/ 

ever,  while  much  of  the  remainder  is  of  a  scientific  nature  and 

unsuited  to  practical  engineering.  Indeed,  it  requires  a  very 

experienced  engineer  to  reject  the  former  as  being  useless,  while 

at  the  same  time,  selecting  some  things  which  may  be  of  some 

>  ©  ©  * 

service  from  the  latter  and  determine  how  far  this  latter  may 
be  trusted  in  actual  practice. 

It  must  not  be  understood  that  this  paper  is  condemning 
scientific  research  and  mathematical  deduction.  No  one  can 
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have  a  more  profound  respect  for,  nor  take  a  greater  pleasure 
in,  such  subjects  than  does  the  writer,  but  when  he  has  im¬ 
pressed  on  his  mind  the  differential  equation  representing  the 
rate  of  flow  of  heat  from  the  hot  gases  of  the  furnace  to  the 
water  of  the  boiler,  and  then  goes  into  the  boiler  setting  and 
sees  the  tubes  covered  with  ashes  and  soot,  and  looks  into  the 
tubes  to  see  scale  and  mud,  he  cannot  but  feel  that  that  equation 
must  be  effected  bv  something  more  than  the  constant  of  in- 
tegration  if  it  is  to  be  of  service  in  determining  the  actual  rate 
of  heat  transference.  The  scientist  is  right  and  his  theory  is 
good,  but  the  scientist  deals  with  conditions  that  are  ideal,  while 
the  man  who  assumes  to  cope  with  the  problems  that  occur  in 
the  practical  operation  of  boilers  must  face  conditions  as  they 
actually  exist  and  not  as  they  ought  to  be.  Therefore  is  the 
assertion  made  that  not  much  can  be  learned  from  books  by  the 
untechnical  man. 

Precisely  what  has  been  said  regarding  the  unprofessional 
man  endeavoring  to  be  his  own  adviser  and  engineer  in  boiler 
matters,  will  apply  to  many  so  called  mechanical  engineers. 
That  a  man  has  completed  a  certain  course  at  a  college  of 
engineering  and  has  had  a  few  years  of  varied  and  general 
experience  does  not  imply  that  he  is  fully  competent  to  pass 
reliable  judgment  on  matters  relating  to  boilers.  We  are  told 
frequently  that  in  this  age,  with  its  vast  fields  of  knowledge, 
no  man  can  be  a  specialist  in  everything.  There  are  engineers, 
however,  who  are  willing  to  pose  as  specialists  for  almost  every¬ 
thing  in  the  engineering  world.  The  writer  has  known  engin- 
eers  who  were  “  consulting  engineers  *’  almost  before  thev 
graduated.  This  is  extremelv  unfortunate  because  their  knowl- 
edge  must  consist  almost  entirely  of  that  derived  from  books, 
and  this,  as  has  been  shown,  is  not  sufficient  to  make  compe¬ 
tent  engineers.  The  result  is  the  profession  is  brought  into  ill 
repute  among  many  people  who  have  trusted  to  engineers — 
inexperienced  and  incompetent,  of  course — and  have  been 
deceived.  These  remarks  are  general,  but  they  apply  particu¬ 
larly  to  engineers  consulted  in  regard  to  boiler  matters. 
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There  are  many  and  varied  phenomena  connected  with  the 
operation  of  boilers,  such  as  the  action  of  heat  in  producing 
circulation  of  the  gases  and  water,  effect  of  draft,  air  supply, 
rate  of  combustion,  peculiar  depositing  of  scale  in  the  boiler, 
moisture  in  steam  and  super-heating,  etc.  Many  of  these  have 
never  been  discussed  in  any  book.  Now  if  the  engineer 
wishes  to  test  his  own  ability  and  prove  his  right  to  the 
title  of  expert  and  to  be  consulted  as  such,  let  him  see  if 
he  can  give  a  fair,  legitimate  and  rational  explanation  of  each 
different  phenomenon  he  will  meet  in  the  practical  operation 
of  boilers.  If  he  can  do  this,  he  is  able  to  reason  to  a  cause 
by  noting  an  effect.  He  will  then  be  able  to  eliminate  effects 
which  he  knows  to  be  bad  by  removing  their  cause,  and  con- 
versely,  for  good  effects  which  he  wishes  to  produce.  If  he 
can  do  this,  he  knows  his  business  and  is  a  competent  engineer, 
but  just  in  proportion  as  he  can  not  do  this  is  he  profession¬ 
ally  weak,  incompetent  and  imposing  on  the  people  who  give 
him  their  confidence. 

In  the  foregoing  discussion  the  writer  has  endeavored  to 
make  an  earnest  protest  against  the  general  man  of  business 
acting  upon  his  own  judgment  in  the  selection  of  boilers,  on 
the  ground  of  its  being  entirely  unsatisfactory  and  poor  economy 
in  the  Jong  run.  He  has  also  cautioned  against  the  employ- 
ment  of  engineers  of  limited  and  general  experience,  not  alone 
on  the  grounds  given  above,  but  because  it  weakens  confidence 
in  a  profession  which  requires  the  strongest  confidence  if  there 
is  to  be  progress.  The  question  then  is,  who  shall  be  con¬ 
sulted  ? 

The  writer  would  insist  that  since  the  boilers  are  the  very 
heart  of  the  plant,  so  far  as  its  operation  is  concerned,  and 
since  their  proper  or  improper  installation  may  make  or  loose 
a  small  fortune  for  the  owners  during  the  lifetime  of  the 
boilers,  it  is  imperatively  demanded  that  their  selection,  con¬ 
struction  and  erection  shall  be  intrusted  to  a  competent  engineer 
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of  wide  experience  in  this  particular  line.  There  is  in  this 
country,  a  class  of  educated  technical  men,  holding  various 
important  engineering  positions,  or  connected  with  the  operat¬ 
ing  force  of  large  manufacturing  establishments,  many  of 
whom  have  spent  the  greater  part  of  their  lives  in  this  particu¬ 
lar  line  of  work.  It  is  this  class  of  men,  together  with  the 
engineers  of  the  various  navies,  who  should  be  permitted  to 
speak  with  authority  and  final  judgment  on  all  matters  pertain¬ 
ing  to  boilers.  Naval  engineers  and  operating  mechanical 
engineers  of  large  establishments,  must  live  with  the  boilers 
week  after  week  and  month  after  month.  They  must  meet 
and  overcome  every  obstacle  which  may  arise  and  be  equal  to 
every  emergency.  Could  any  better  training  school  be  devised 
to  teach  engineers  to  discriminate,  almost  intuitively,  between 
the  good  and  the  bad  features  of  a  boiler  ?  The  engineer  of 
simply  office  experience  looks  over  the  drawing  of  a  proposed 
boiler  in  a  superficial  way,  and  points  out  some  feature  which 
“might"  give  trouble.  The  practical  engineer  notes  on  the 
same  drawing  a  small  detail  that  has  caused  a  large  part  of  his 
hair  to  turn  gray,  and  says,  This  does  give  trouble. 

This  part  of  the  discussion  may  seem  to  be  simply  a 
rehashing  of  the  old  question  of  a  judicious  union  of  theory 
and  practice  being  essential  for  any  engineer,  but  it  is  meant 
to  be  more  than  that.  This  whole  subject  seems  so  important 
to  the  writer  that  he  cannot  refrain  from  not  only  urging  that 
the  selection  and  installation  of  boilers  be  entrusted  to  properly 
educated  men  of  practice,  but  also  insisting  that  it  be  delegated 
to  none  other.  Several  years  experience  with  boilers  have 
been  sufficient  to  demonstrate  to  the  writer  the  many,  many 

l<  J  1/ 

details  and  features  which  are  a  continual  source  of  annovance, 
danger  and  expense,  all,  or  at  least  most,  of  which  could  have 
been  avoided  had  the  engineer  been  familiar  with  practical 
conditions. 

This  brings  us  to  the  consideration  of  another  phase  of 
the  question,  and  that  is,  the  relation  of  the  boiler  manufac- 
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hirers  to  the  prospective  purchaser.  The  prospective  buyer 
savs  to  himself:  “Why  should  I  engage  the  services  of  an 
engineer  when  I  am  dealing  with  a  company  which  will  do  all 

“  O-  *  * 

4 

my  engineering  free  of  charge,  and  he  glad  of  the  opportunity 
to  do  it?"  Of  course,  the  boiler  company  will  foster  this  idea 
and  say:  “Why  do  you  need  an  engineer?  Our  sizes  are 
standard;  our  construction  and  settings  are  standard;  we  have 
so  many  thousand  horse  power  in  use,  and  always  give  satisfac¬ 
tion,'’  etc.  This  is  precisely  why  the  idea  of  consulting 
engineer  for  the  purchaser  is  discountenanced  by  the  seller. 
The  presence  of  the  engineer,  if  he  knows  his  business,  will 
mean  that  the  “standard"  will  not  suit  and  must  be  departed 
from,  and  a  standard  construction  is  cheaper  to  make  than  a 
special  design.  But  why  should  boilers  be  constructed  In¬ 
different  companies  according  to  their  respective  standards, 
and  those  standard  designs  never  changed,  unless  boiler  manu 
facturers  have  progressed  so  far  in  their  art  that  further 
progress  is  impossible  To  prove  the  untruth  of  this  it  is 
only  necessary  to  consult  the  experienced  engineers  of  sea  or 
land.  Water  tube  boilers  are  being  adopted  in  nearly  all 
navies,  because  of  their  military  advantages,  and  their  being 
lighter  and  safer  than  the  ordinary  marine  type  of  boiler;  but 
naval  engineers  are  united  and  strong  in  their  opinions  of  the 
many  disadvantages  of  this  kind  of  boiler.  On  land  the 
experienced  engineers  are  just  as  emphatic  in  their  expression- 
of  opinion  regarding  especial  disadvantages  of  each  type  of 
boiler,  so  that  the  fact  that  boiler  companies  maintain  practi- 

the  same  standard  of  construction  year  after  year  surely 

•/  */  * 

cannot  be  due  to  their  having  reached  the  limit  of  progress. 

Consider,  for  one  instance,  the  methods  by  which  some 
common  types  of  boilers  must  be  cleaned  and  repaired.  The 
conditions  are  simply  wretched.  A  friend  of  the  writer's  once 
invented  a  boot- treeing  machine  which  worked  splendidly,  but 
made  a  wrinkle  in  every  boot  leg.  All  attempts  to  prevent 
the  wrinkle  seemed  to  affect  the  efliciency  of  the  machine,  so 
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he  proceeded  to  invent  another  machine  to  take  the  wrinkle 
out.  It  would  seem  that,  if  boiler  companies  cannot  so  change 
their  designs  that  the  cleaning  mav  be  done  easilv  and  effect- 
ively,  they  should  invent  special  devices  for  cleaning,  which 
would  bring  about  the  same  end.  The  real  trouble  is  that 
there  is  very  little  good  engineering  talent  connected  with  the 
manufacture  of  boilers.  One  boiler  is  made  and  erected  like 
its  predecessors,  and  if  any  customer  reports  particular  trouble 
he  may  get  a  reply  which  says,  “Our  chief  mechanical  en¬ 
gineer  advises”  so  and  so,  which  sounds  very  nice,  but,  in 
nearly  every  case,  if  the  personage  referred  to  by  the  very 
sonorous  mechanical  title  were  to  be  subjected  to  an  ultimate 
analysis,  he  would  be  found  to  be  composed  almost  entirely 
of  very  ordinary  draftsman. 

This  simply  makes  more  emphatic  the  necessity  of  an 
engineer  for  the  purchaser.  The  engineering  talent  of  the 
seller  is  not  usually  of  the  kind  competent  to  meet  practical 
conditions.  Additional  proof  of  this  is  given  by  the  fact  that, 
practically,  no  improvement  in  many  common  types  of  boilers 
has  been  made  during  the  past  ten  years,  notwithstanding  the 
fact  that  their  makers  could  scarcely  fail  to  realize  that  there 
was  absolute  need  for  such  improvement.  There  seems  to  be 
a  feeling  among  makers,  as  well  as  users,  that  a  boiler  doesn’t 
really  amount  to  much,  and  that  anything  tight  enough  to  hold 
water  and  strong  enough  to  withstand  pressure  will  answer  the 
purpose,  provided  there  is  some  place  about  it  in  which  a  fire 
can  be  built.  That  kind  of  doctrine  might  have  answered 
once,  but  it  will  not  do  at  this  time.  The  boiler  plant  must 
be  in  harmony,  both  in  construction  and  economy,  with  mod- 
ern  achievements  in  engineering  in  other  lines.  Some  boiler 
manufacturers  are  beginning  to  realize  this,  and  some  verv 
nicely  equipped  boiler  plants  are  the  result,  but  they  must 
subject  boilers  and  settings  proper  to  equal  engineering  ability 
before  they  can  report  substantial  progress. 

This  paper  does  not  wish  to  be  unfair  to  boiler  manu- 
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facturers,  but  it  must  consider  this  subject  from  an  engineer's 
point  of  view  and  state  facts.  It  is  probably  not  too  much  to 
say  that  a  whole  regiment  of  practical,  hard-working  engineers 
could  be  gotten  without  much  trouble,  who  would  corroborate 
every  statement  that  has  been  made.  Boiler  builders  will  say 
that  competition  is  keen,  and  standard  construction  must  be 
adhered  to  in  order  to  keep  down  the  cost,  and,  for  the  same 
reason,  the  employment  of  high-class  engineering  talent  is  pro¬ 
hibited.  Competition  among  boiler  manufacturers  is  indeed 
sharp,  but  there  are  other  methods  oi  obtaining  contracts 
beside  that  of  cutting  prices.  If  a  boiler,  or  any  mechanical 
device,  is  of  such  design  and  construction  that  its  superior 
merit  is  at  once  apparent  to  the  engineer,  the  question  of  price 
is  one  of  secondary  consideration.  There  are  very  many  good 
types  of  boilers  in  common  use,  and  each  has  some  very  good 
features,  but  each  type  also  has  its  own  particular  defects,  and 
these  must  be  studied  out  and  corrected  or  eliminated  by 
the  builders.  In  this  way  only  can  there  be  substantial  im¬ 
provement. 

Thus  far,  this  paper  has  simply  endeavored  to  show  the 
necessity  of  having  an  experienced  engineer  make  the  selec¬ 
tion  of  what  type  the  boilers  shall  be  and  how  they  shall  be 
constructed  and  set.  We  may  now  consider  the  particular 
lines  along  which  the  relative  merits  of  boilers  should  be  in¬ 
vestigated  before  a  selection  is  made.  It  was  the  original  in- 
tention,  in  addition  to  this,  to  discuss  the  relative  advantages 
and  disadvantages  of  each  of  the  more  common  types,  as  they 
appear  to  an  engineer,  who  has  to  live  with  them,  but  as  that 
makes  the  subject  entirely  too  broad  to  be  treated  properly  in 
a  paper  of  this  kind,  it  had  to  be  given  up.  However,  in  ad¬ 
dition  to  suggesting  special  points  for  investigation,  an  attempt 
will  be  made  to  show  their  relative  importance. 

Of  course  a  whole  list  of  detailed  specifications  as  to  what 
a  boiler  should  be  and  what  it  should  not  be  could  be  written 
out,  but  after  a  careful  study  of  the  matter  the  writer  would 

7  •/ 


206  engineers'  society  of  western  Pennsylvania. 


give  the  following  points  for  special  investigation  in  the  order 
of  their  relative  importance  : 

1.  Safety. 

2.  Convenience  of  Manipulation. 

3.  Steaming  Properties. 

4.  Durability. 

5.  Cost. 

Of  course  minor  considerations  such  as  tloor  space,  special 
kind  of  service,  etc.,  may  influence  the  decision  or  limit  the 
selection,  but  in  general,  the  points  enumerated  should  be  con¬ 
sidered  in  the  order  given. 

SAFETY. 

Certainly  no  one  will  question  the  propriety  of  placing  the 

consideration  of  safetv  first.  To  a  man  of  sufficient  technical 

knowledge  to  comprehend  the  enormous  immensity  of  the  force 

of  that  magazine  of  confined  energy,  a  boiler  under  steam  is  a 

thing  of  awe.  But  to  the  man  unversed  in  the  thermodvna- 

«/ 

mical  principles  of  a  boiler,  but  nevertheless,  having  them  un¬ 
der  his  management,  his  familiarity  has  in  many,  many  cases 
bred  contempt.  His  experience  with  boilers  which  did  not  ex¬ 
plode  has  fostered  and  developed  the  belief  that  they  will  not 
explode,  and  that  if  a  rupture  did  occur  it  would  simply  re¬ 
sult  in  a  great  waste  of  hot  water  and  possibly  someone  scald¬ 
ed.  The  awful  effect  of  the  sudden  release  of  pressure  and 
the  mighty  force  due  to  free  expansion  has  no  place  in  his 
mind.  Yet  there  are  many  such  men  who  have  responsible 
charge  of  boilers  to-dav. 

But  what  provision  is  made  to  guard  against  the  ignor- 
ance  or  carelessness  of  men  having  charge  of  boilers,  from 
causing  loss  of  life  and  waste  of  property  by  boiler  explosions. 
The  answer  is  there  are  inspections,  first  by  persons  legally 
appointed  in  accordance  with  statutory  law,  and  second  the  in¬ 
spectors  in  the  employ  of  Boiler  Insurance  Companies. 

In  regard  to  the  inspectors  appointed  in  accordance  with 
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laws  relating  to  such  matters,  if  the  inspectors  are  selected 
after  a  competitive  examination  by  a  competent  board,  as  are 
many  government  employees,  mine  inspectors,  etc.,  the  system 
is  not  a  bad  one,  though  the  inspections  are  too  few  in  num¬ 
ber,  being  usually  made  but  once  per  year.  But  when  such 
positions  are  subject  to  political  appointment  and  dragged  in 
the  dirt  with  party  spoils,  the  system  is  one  of  the  most  damn¬ 
ably  pernicious  pieces  of  legislation  ever  perpetrated  on  an 
innocent  people  by  an  ignorant  but  well  meaning  legislature. 

This  paper  does  not  condemn  any  man  or  set  of  men  as 
being  incompetent,  but  it  does  condemn  the  principle  of  legis¬ 
lation  which  will  make  a  position  of  such  responsibility  the 
shuttle-cock  of  political  chicanery.  Consider  the  pernicious 
effects  of  incompetency  in  such  a  position.  One  boiler  owner 
who  does  not  have  his  boilers  insured  but  is  sincerely  desirous 
that  they  shall  be  in  a  safe  condition,  rests  easy  under  the  as¬ 
surance  that  they  are  so,  after  being  inspected  by  a  legally  ap¬ 
pointed  inspector.  A  boiler  explodes,  men  are  killed  and 
maimed  and  property  destroyed.  He  has  complied  with  the 
law  but  has  been  deluded  and  deceived.  He  has  lost  his  prop¬ 
erty  and  his  men  their  lives  in  consequence. 

Another  boiler  owner  has  old  boilers  and  perhaps  cannot 
get  them  insured  but  wants  them  to  run  so  as  to  avoid  buying 
new  ones.  The  legal  inspector  passes  them  because  of  his  ig¬ 
norance  or  lack  of  experience.  An  explosion  occurs  causing 
loss  of  life  and  property,  but  the  owner  retires  behind  his 
legal  certificates  of  inspection  and  is  safe. 

The  evil  effects  of  such  laws  are  all  the  more  emphasized 
and  the  serious  results  of  incompetent  inspection  are  all  the 
more  effectuallv  cloaked,  by  the  character  of  the  investigations 
which  usually  follow  boiler  explosions.  If  there  have  been 
fatal  casualities — and  there  too  frequently  are — a  coroner's 
jury  sits  in  awful  judgment.  Here  the  storekeeper  and  the 
clerk,  and  the  laborer,  and  the  gentlemen  of  leisure  decide 
with  deepest  wisdom  and  a  solemnity  befitting  the  occasion 
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that  the  explosion  was  caused  by  low  water,  and  cen¬ 
sure  someone  who  was  not  killed.  Competent  engi¬ 
neers  have  told  the  writer  of  many  instances  in  their  ex¬ 
perience  where  the  evidences  they  found  after  an  explo¬ 
sion  made  the  cause  perfectly  clear  and  directly  charge- 
able  to  poor  material,  bad  design  or  incompetent  inspection. 
The  writer,  in  two  instances  has  found  sufficient  evidence  to 
have  convinced  any  board  of  intelligent  engineers  as  to  the 
actual  cause,  but  in  both,  the  verdict  of  the  jury  assigned  it  to 
the  old  stand-by  of  low  water. 

Boiler  manufacturers  must  realize  that  many  of  their 
boilers  will  be  under  the  charge  of  men  who  are  not  properly 
qualified,  and  inspected  by  incompetent  inspectors.  A  common 
humanity  and  regard  for  the  men  whose  duties  compel  them  to 
work  about  boilers,  and  their  dependents,  will  demand  that 
these  boiler  manufacturers  make  safely  the  first  requisite.  The 
list  *  of  6118  persons  killed  and  8651  wounded  by  5199  boiler 
explosions  in  the  United  States  during  the  21  years  of  1879-99 
stands  as  a  mute  demand  that  both  the  seller  and  the  buyer 
make  safety  the  first  consideration. 

Where  boilers  are  insured  and  regularly  inspected  by  in¬ 
surance  inspectors,  the  conditions  are  somewhat  different.  In 
this  case  the  insurance  company  is  liable  for  damage  caused  by 
an  explosion  and  efficient  inspection  is  self-protection  for  the 
company.  But  even  here  there  are  men  holding  positions  who 
are  neither  qualified  by  experience  nor  training  for  their  duties. 
Even  the  best  inspection  may  not  reveal  all  defects  of  design  or 
construction  and  none  of  the  defects  of  the  material  used.  This 
simply  refers  the  matter  to  the  time  of  the  selection.  It  is 
then  that  physical  and  chemical  tests  of  the  material  can  be 
made,  and  it  is  then  that  the  design  and  construction  can  be 
superintended. 

Some  of  the  particular  points  pertaining  to  safety  may  be 
enumerated. 


*  See  Locomotive  for  July,  1900. 
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The  series  of  physical  and  chemical  tests  prescribed  hv  the 
U.  S.  government  for  marine  boilers  is  a  good  guide  as  to  the 
quality  of  the  material  and  strength  of  tubes.  1  he  size  and 
distribution  of  stay  bolts  and  braces  and  the  manner  of  their 
connection.  The  kind  of  tubes  and  their  proper  expansion  in 
the  tube  sheet  or  header.  As  regards  the  kind  of  tube,  Mr. 
Seaton,  in  London  Engineer  of  June  20,  1900,  says  solid  drawn 
steel  is  better  than  lap-welded  iron  and  much  better  than  lap- 
welded  steel,  while  a  series  of  tests  made  by  the  British  Naval 
Architects  and  reported  in  Zeitschrift  des  Vereins  Deutscher 
Ingenieure  of  June  23,  1900,  show  that  tubes  made  from  steel 
containing  from  20%  to  25%  nickel  are  much  superior  to  the 
common  iron  or  steel  tubes. 

The  design  of  the  joints  demands  special  attention.  One 
point  which  deserves  particular  mention  is  the  thickness  of  the 
plate  as  specified,  compared  with  its  actual  thickness.  The 
plates  are  sometimes  rolled  much  thinner  on  the  edge  than  the 
nominal  thickness,  owing  to  the  weai  and  spring  of  the  rolls. 

The  vice-president  of  one  of  the  principal  boiler  insurance 
companies  gave  the  writer  data  which  he  had  obtained  by 
actual  measurement  of  plates,  and  which  showed  from  10%  to 
30%  less  on  the  edge  than  the  nominal  thickness  of  the  plate. 
A  joint  made  with  the  worst  of  the  above  plates  would  have 
only  70%  of  the  effective  metal  which  the  designer  intended  it 
should  have.  On  most  of  the  plates,  however,  the  reduction 
of  the  edges  will  not  be  so  great  as  this,  but  the  best  wav  to  get 
the  proper  thickness  is  to  insert  in  the  specifications,  after  the 
nominal  thickness,  the  words  “measured  on  its  thinnest  edge.” 
This  will  prevent  any  possible  misunderstanding. 

In  water  tube  boilers  the  tube  caps  and  bolts  and  nuts  by 
which  they  are  fastened  deserve  attention.  The  stripping  of 
the  threads  or  breaking  of  these  bolts  has  co>t  more  than  one 
man  his  life. 

Many  of  these  things  mav  seem  unimportant  details  which 
may  be  left  entirely  with  the  boiler  maker,  but  the  writer  has 
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seen  accidents  and  trouble  due  to  these  very  details,  even  when 
the  boilers  were  made  by  the  large  boiler  companies. 

CONVENIENCE  OF  MANIPULATION. 

The  second  point  for  consideration  in  the  selection  of  a 
boiler  is  its  convenience  for  manipulation,  or  for  operation, 
cleaning  and  repairs.  This  is  a  very  important  requirement 
and  has  been  placed  even  before  that  of  ‘  ‘efficiency  as  a  steam 
generator,”  because,  no  matter  how  good  its  principles  so  far 
as  generating  steam  is  concerned,  if  it  is  not  capable  of  being 
completely  and  effectually  cleaned  and  being  kept  in  proper 
repair,  its  efficiency  as  a  steam  generator  will  soon  be  reduced 
to  that  of  the  most  common  boiler. 

A  boiler  must  be  cleaned  inside  and  outside.  All  kinds  of 
matter  held  by  the  feed  water  in  solution  or  suspension  will  be 
deposited  in  the  boiler  and  must  be  kept  from  accumulating. 
Scale  will  form  and  mud  will  accumulate,  both  of  which  keep 
the  heat  away  from  the  water,  causing  loss  in  efficiency,  and 
the  water  away  from  the  plates,  causing  blistering  and  bagging 
of  the  plates.  The  mud  and  scale  cause  no  end  of  trouble 
and  no  doubt  a  great  waste  of  heat.  Unless  the  water  can  be 
purified  before  feeding  it  to  the  boilers,  the  next  best  way  to 
provide  against  this  trouble  it  is  to  select  boilers  that  may  be 
readily  and  thoroughly  cleaned. 

Soot,  ashes  and  clinkers  accumulate  on  the  outside  of  the 
heating  surface,  keeping  heat  away  from  the  plates,  and  caus¬ 
ing  loss  in  efficiency  and  capacity.  This  deposit  may  also  cause 
corrosion,  especially  when  wet,  by  blowing  off  with  steam  jets 
or  bv  leaks  from  the  boiler.  The  setting  ought  to  be  arranged 
in  such  a  way  that  every  part  of  the  boiler  is  accessible  for  this 
external  cleaning.  The  writer  has  seen  water  tube  boilers  in 
which  the  spaces  between  the  tubes  was  simply  choked  solid 
with  dirt,  because  there  was  no  way  of  removing  it  while  the 
boiler  was  in  operation. 

Another  important  consideration  in  the  case  of  water  tube 
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boilers  is  the  baffling.  This  baffling  is  put  in  to  cause  tiie  hot 
gases  to  take  such  a  path  through  the  boiler  that  all  the  heat¬ 
ing  surface  will  be  continuously  in  contact  with  a  current  of 
hot  gas,  and  thus  be  efficient  in  evaporating  water.  When  a 
new  boiler  is  first  started  all  the  baffling  is  in  good  condition 
and  produces  the  proper  deflection  of  the  hot  gases,  but  after 
the  boiler  has  been  driven  hard  for  some  time  the  constant 
exposure  to  high  temperatures  warps  baffle  plates  and  fuses 
baffle  bricks,  so  that  the  baffle  bears  small  resemblance  to  its 
original  condition.  Holes  are  formed,  and  the  gases,  taking 
the  path  of  least  resistance,  pass  directly  through  the  boiler  to 
the  flue  without  being  robbed  of  their  heat,  and  much  of  the 
heating  surface  is  rendered  inefficient. 

In  some  kinds  of  boilers  the  baffles  are  put  in  in  such  a 
way  that  they  are  disturbed  and  sometimes  badly  racked  by 
renewing  damaged  tubes.  In  some  boilers  it  is  practically  im- 
possible  to  replace  the  baffling  if  it  once  burns  out,  and  the 
boiler  must  be  run  with  the  gases  passing  straight  through. 
In  any  boiler  it  ought  to  be  possible  to  keep  the  baffling  in 
first-class  condition  without  having  to  tear  down  half  the  set- 
ting  to  do  so.  This  trouble  with  baffles  is  a  very  serious  one. 

If  the  gases  do  not  circulate  properly  heat  is  wasted  and  heat¬ 
ing  surface  rendered  useless.  Not  alonethis,  but  the  natural 

water  circulation  of  the  boilers  is  disturbed,  still  further  de¬ 
creasing  the  boiler  efficiency  and  causing  deposits  of  scale, 
burning  tubes,  and  all  kinds  of  troubles. 

It  is  a  great  conyenience  to  have  a  boiler  which  can  be 
cleaned  or  have  tubes  renewed  without  going  inside  the  setting 
or  boiler.  It  is  all  very  well  to  say  that,  after  a  boiler  is 
taken  off  the  line,  it  should  Stand  until  cool  before  any  clean¬ 
ing  or  repairing  is  done,  but  a  practical  engineer  must  deal 
with  conditions  as  they  exist,  and  not  as  he  knows  they  ought 
to  be.  At  many  plants  the  boiler  capacity  is  veiy  limited,  and 
one  boiler  on  or  off  may  determine  whether  the  production  of 
the  day  may  be  good  or  poor.  In  such  a  case  a  few  hours’ 
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gain  in  repairing  or  cleaning  a  boiler  may  mean  a  very  con¬ 
siderable  sum  of  money  to  the  owners.  When  a  tube  blisters 
or  a  leak  develops  the  boiler  is  taken  off  the  line  and  cooled 
down  as  cpiickly  as  possible.  If  repairs  can  be  begun  or  com¬ 
pleted  before  the  boiler  or  setting  is  cool  enough  to  enter, 
there  is  simply  that  much  time  saved.  This  may  not  be  ex¬ 
actly  good  practice,  but  the  exacting  methods  of  modern 
manufacture  demand  heroic  measures  at  times. 

EFFICIENCY  AS  A  STEAM  GENERATOR. 

The  third  point  in  the  selection  of  a  boiler  is  its  ability  to 
make  steam.  The  actual  function  of  the  boiler  is  to  make 
steam,  as  every  one  knows,  of  course,  but  no  boiler  can  gen¬ 
erate  steam  unless  heat  gets  into  it.  The  problem,  then,  is 
really  one  of  heat  transference  from  the  furnace  to  the  boiler. 

For  a  definite  quantity  of  fuel  burned  per  unit  of  time  the 
condition  of  maximum  economy  and  capacity  is  when  every 
element  of  heating  surface  is  effective  and  doing  its  legitimate 
share  of  the  heat  transference.  This  makes  especially  perti¬ 
nent  the  discussion  given  regarding  the  external  and  internal 
cleanliness  of  the  boiler.  It  is  usually  assumed  that  the  rate 
of  flow  of  heat  from  the  gases  to  the  water  is  directly  propor¬ 
tional  to  the  difference  of  their  temperatures,  and  it  therefore 
follows  that  the  actual  quantity  of  heat  transferred  per  square 
inch  of  heating  surface  falls  very  rapidly  from  the  furnace  to 
the  flue  ;  but  it  does  not  follow  that  the  heating  surface  in  the 
back  part  of  the  boiler  is  not  doing  its  legitimate  duty — 
provided  it  is  clean.  However,  should  a  front  baffle  in  a 
water  tube  boiler  be  broken  down,  and  the  gases  directly  from 
the  fire  pass  straight  through  the  boiler,  in  place  of  up  through 
the  front  ends  of  the  tubes,  it  does  follow  that  the  heating 
,  surface  in  the  middle  and  back  part  of  the  boiler  is  doing  an 
abnormally  great  amount  of  heat  transference,  while  that  in  the 
front  part  is  doing  less  than  its  legitimate  duty.  One  ques¬ 
tion,  then,  to  be  settled  in  looking  at  a  boiler  is:  4  4  Is  the  boiler 
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of  such  design  that  all  the  heating  surface  is  effective,  and  can 
it  be  kept  effective  in  actual  practice  \ 

In  die  paper  on  “  Mechanical  Devices  Applied  to  Firing 
Steam  Boilers,"  before  mentioned,  the  writer  laid  sj>ecial 
emphasis  on  the  fact  that,  in  evaporative  boiler  trials,  the 
results  due  to  furnace  action  should  be  kept  distinct  from 
those  due  to  the  boiler.  This  is  just  as  applicable  in  a  paper 
on  boilers.  For  this  reason  no  one  selecting  a  boiler  should 
allow  himself  to  be  influenced  in  any  way  whatever  by  reports 
of  certain  very  goo  I  boiler  trials,  which  contribute  so  much  to 
trade  literature  in  this  particular  line.  Even  an  experienced 
engineer  cannot  make  proper  deductions  from  the  results  of  a 
boiler  trial  unless  he  superintend  the  trial  himself. 

Suppose  a  case  in  which  a  boiler  equipped  with  some, 
mechanical  stoking  device  is  tested  and  the  results  obtained  are 
very  good.  The  program  which  follows  is  something  like 
this:  Both  boiler  man  and  furnace  man  rush  in  at  once  to 

seize  the  results  for  publication  and  advertisement.  The  boiler 
man  ignores  furnace,  fuel  and  about  every  other  condition 
under  which  the  trial  was  conducted.  The  furnace  man 
neglects  boiler  and  every  other  contingent  factor.  Each  grasps 
all  the  credit  for  good  results,  and  grants  nothing  to  the  other. 
Neither  cares  for  the  questions  of  engineering  involved,  but 
simply  for  the  bare  results  to  be  used  as  an  advertising 
medium.  This  need  not  imply  that  all  men  engaged  in  selling 
boilers  or  furnaces  are  necessarily  devoid  of  moral  integritv, 


but  sometimes  their  business  enthusiasm  overcomes  their  dis¬ 
cretion,  or  in  many  cases,  misrepresentation  is  due  entirely  to 
ignorance  of  the  subject. 

Some  boiler  men  attempt  to  divorce  the  results  of  a 
boiler  trial,  due  to  the  boiler  alone,  from  those  due  to  the 
furnace,  by  comparing  on  the  basis  of  “evaporation  per  pound 
of  combustible.”  This  is  unfair  for  several  reasons.  One 
reason  is  that  it  affords  such  a  very  easy  method  of  manipulat¬ 
ing  for  results.  Another  is  that  it  affords  ground  for  uncer- 
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tainty  because  of  the  difficulty  of  u  guessing  ”  a  tire  accu¬ 
rately  at  the  beginning  and  end  of  the  test — especially  impor¬ 
tant  in  short  trials.  Still  another  reason  is  that  the  test  may 
be  begun  while  rapid  evaporation  is  going  on  and  the  water  in 
consequence,  is  “  swelled  ”  by  steam  bubbles;  and  then 
stopped  while  the  fire  is  being  cleaned  and  the  water  in  a  qui¬ 
escent  state.  Of  course  it  is  plain  that  at  the  same  level  there 
will  be  much  more  water  in  the  boiler  at  the  end  than  at  the  begin- 
ning.  This  excess  water  will  all  be  credited  to  the  boiler  as 
evaporated  and  will  contribute  to  make  a  fine  showing  of 
u  economy/’  Then  again,  the  furnace  may  operate  very  effici¬ 
ently  in  the  generation  of  heat,  and  thus  make  conditions 
extremely  favorable  for  the  boiler  to  absorb  it. 

It  may  be  argued  that  nothing  but  downright  dishonesty 
or  lack  of  care  and  engineering  ability  would  permit  of  such 
conditions  as  the  above  at  a  boiler  trial.  Dishonesty  may  not 
influence  the  results  of  many  boiler  trials,  but  lack  of  engin¬ 
eering  ability  and  care  certainly  do. 

Trade  literature  is  flooded  with  reports  of  boiler  trials 
which,  as  engineering  data,  are  not  worth  the  paper  they  are 
printed  upon,  and  for  the  very  reason  that  the  men  conduct¬ 
ing  the  trials  were  neither  competent  nor  trustworthy  and 
their  results  are  worse  than  useless  because  misleading. 

Another  point  is,  that  when  these  good  boiler  trials  used 
for  advertising  purposes  are  made,  the  boiler  and  everything 
about  it  is  thoroughly  cleaned  and  put  in  first-class  condition. 
In  this  way,  a  boiler  very  hard  to  clean  and  keep  in  order  may 
be  sold  under  a  high  guarantee  of  economy  and  capacity,  and 
made  to  fulfill  that  guarantee  immediately  after  installation. 
But  had  this  boiler  been  kept  in  operation  for  some  time,  or 
until  it  had  attained  what  would  be  its  normal  running  condition 
the  results  of  the  tests  might  have  been  very  different.  No  man 
purchasing  a  horse  for  ordinary  every  day  service  is  concerned 
to  know  how  much  of  a  load  the  horse  can  start,  or  how  far 
he  can  go  in  one  minute,  provided  the  whip  be  vigorously 
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applied  in  both  cases.  What  he  wants  to  know  is  how  much 
of  a  load  the  horse  will  haul,  or  how  far  he  will  travel  in  a 
day,  under  the  conditions  he  is  to  be  used.  It  is  not  a 
question  of  what  he  can  be  made  to  do  under  a  temporary  and 
artificial  set  of  conditions,  but  what  he  trill  do  continually. 
It  is  precisely  the  case  with  a  boiler.  The  fancy  boiler  trials 
have  their  place  and  their  use  in  the  engineering  world,  but 
their  use  is  not  deceiving  a  purchaser  into  believing  he  has 
something  which  he  has  not.  For  these  reasons,  no  reports  of 
trials  of  boilers  should  be  allowed  to  have  any  weight  in  influ¬ 
encing  the  decision  in  favor  of  some  particular  type  of  boiler, 
unless  trials  were  made  by  a  competent  engineer  in  the  employ 
of  the  purchaser  and  of  boilers  in  regular  service,  and  with  no 
interference  of  any  kind  from  the  manufacturers  of  the  boilers. 

In  regard  to  the  many  different  types  of  boilers,  it  is  the 
opinion  of  the  best  engineers  of  this  country  and  Europe  that 
no  one  type  can  be  selected  as  superior  to  all  others.  The 
efficient  operation  of  a  boiler  means  the  efficient  absorption  of 
heat,  and  the  laws  which  govern  this  do  not  mention  the  name 
of  any  particular  boiler,  nor  are  the  equations  by  means  of 
which  these  phenomena  are  investigated,  the  functions  of  the 
name  or  trade  mark  of  any  manufacturer.  There  are  many 
different  types,  and  each  type  has  particular  advantages  and 
disadvantages,  the  relative  importance  of  which  must  be 
determined  by  the  engineer  with  reference  to  the  particular 
place  and  conditions  under  which  they  are  to  operate.  Of  the 
great  variety  of  types  of  boilers,  Admiral  Melville  takes  the 
very  cheerful  position,  that  according  to  David  Ilarum,  a 
reasonable  number  of  fleas  are  good  for  a  dog  because  tliev 
keep  him  from  brooding  over  the  fact  that  he  is  a  dog,  so  also 
is  a  good  variety  of  boilers  beneficial  to  the  engineer.  (Pre¬ 
sumably  because  they  keep  him  from  brooding  over  the  fact 
that  he3s  an  engineer.) 

The  evaporative  performance  of  boilers  is  rated  by  “horse¬ 
power,'’  which  in  this  case,  means  the  rate  of  heat  transference 
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from  the  furnace  to  the  boiler,  one  boiler  horsepower  devel¬ 
oped,  meaning  that  the  boiler  has  absorbed  33317  B.  T.  U.  in 
one  hour. 

Different  manufacturers  allow  different  areas  of  heating 
surface  to  effect  this  absorbtion,  varying  from  7  to  12  square 
feet  per  H.  P.  in  the  ordinary  types.  This  of  course  means 
that  the  manufacturer  of  one  boiler  considers  that  7  sq.  ft.  of 
heating  surface  in  his  boiler  will  transmit  as  much  heat  in  an 
equal  time  and  under  similar  conditions  as  12  sq.  ft.  in  the 
other  man’s  boiler.  This  is,  of  course,  nonsense  because  as 
explained  above  the  laws  governing  boiler  phenomena  are  nat¬ 
ural  laws,  and  are  not  inclined  to  favor  Mr.  A's  boiler  any  more 
than  they  do  Mr.  B's.  It  is,  it  must  be  granted,  an  ingenious 
fallacy  so  contrived  as  to  deceive  and  mislead,  while  at  the 
same  time  it  is  made  all  the  more  attractive  because  it  contains 
some  elements  of  truth.  The  deception  comes  from  the  fact 
that  boilers  are  usually  bought  or  sold  by  the  horsepower,  and 
in  competitive  bidding  the  builder  of  the  boiler  of  high  surface 
rating  is  evidently  placed  at  an  unfair  disadvantage  when  bid¬ 
ding  against  a  builder  of  low  surface  rating  boilers.  In  bid- 
ding  on  an  equal  number  of  horse  power  the  first  man  will 
furnish  much  larger  boilers  than  the  second,  and  the  latter  has 
every  show  to  underbid  the  former  and  may  still  make  a  larger 
profit  on  his  contract.  The  best  and  fairest  way  is  for  the 
buyer  to  have  each  bidder  state  in  his  specifications  the  area  of 
heating  surface  he  has  allowed  per  H.  P.  as  well  as  the  total 
efficient  heating  surface  in  the  boiler,  and  its  distribution.  This 
will  make  the  prices  submitted  more  intelligible. 

The  elements  of  truth  which  go  to  make  up  a  very  attrac¬ 
tive  argument  for  builders  of  low  surface  rating  boilers,  is  that 
the  design  of  their  boilers  is  such,  that  the  internal  circulation 
of  the  water  and  the  external  circulation  of  the  gases  is  so 
perfect  that  each  sq.  ft.  of  heating  surface  does  really  trans¬ 
mit  more  heat  than  in  other  types  of  boilers.  There  is  prob¬ 
ably  some  truth  in  this,  though  it  is  not  of  nearly  such  import- 
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unce  as  some  boiler  builders  would  have  us  suppose,  lloilers 
of  low  surface  rating  certainly  have  splendid  provision  for  in¬ 
ternal  circulation  and  the  gases  do  not  pass  in  among  the  tubo 
until  there  has  been  time  for  combustion,  while  their  path 
through  the  boiler  is  such  that  all  heating  surface  is  effective. 
In  boilers  of  high  surface  rating  a  great  deal  of  the  surface  i- 
no  doubt  ineffective.  When  the  gases  pass  transversely  across 
the  tubes,  the  side  of  the  tubes  which  the  gas  is  leaving  can- 
not  be  nearly  so  efficient  as  the  side  against  which  the  gas  im- 
pinges.  And  further,  the  writer  has  seen  the  path  of  the  gases 
very  beautifully  depicted  on  drawings  by  curved  lines,  but  in 
actual  practice  the  gases  absolutely  refused  to  follow  the  course 
marked  out  by  the  draftsman  but  took  frightful  short  cuts. 
The  result  is  there  would  be  several  large  corners  in  the  boiler, 
hot,  of  course,  but  not  in  any  effective  current  of  moving  gas 
from  the  furnace.  The  trouble  is  not  so  much  that  the  heat¬ 
ing  surface  in  the  one  boiler  is  really  less  efficient  than  it  is  in 
the  other,  but  that  in  the  former  every  element  of  surface  is 
not  doing  its  legitimate  duty.  We  are  expecting  results  pro¬ 
portional  to  the  amount  of  heating  surface  in  the  boiler  while 
the  results  we  obtain  are  proportionate  to  the  amount  of  heat¬ 
ing  surface  in  effective  operation.  The  foregoing  explanation 
is  suggested  as  one  way  of  accounting  for  apparently  higher 
evaporation  per  sq.  ft.  of  heating  surface  in  some  boilers  of 
low  surface  rating  than  in  others  of  high  surface  rating. 

The  following  table  of  results  is  given  of  two  300  II.  1\ 
boilers  pitted  against  each  other  one  having  7A  sq.  ft.  of  sur¬ 
face  per  II.  P.  and  the  other  11  sq.  ft.  No  account  was  kept 
of  the  fuel  used  but  each  company  set  to  work  to  see  how 
much  water  they  could  evaporate,  the  company  of  low  surface 
rating,  staking  a  heavy  forfeit  that  they  could  equal  the  capa¬ 
city  of  the  boiler  with  high  surface  rating.  Table  I  gives  the 
results  of  the  comparative  trials: 
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TABLE  I. 


H.  S. 

Rated 

H.  P. 

Per  Cent.  Heating 

Aver.  Heat  Transferred 

per 

H.  P. 

H.  P. 

Developed. 

Surface  per  H.  P. 
of  Rating.  Developed. 

per  sq.  ft. 

H.  S.  per  Hr. 

n 

300 

500.2  . 

166.7  4.46 

7466 

11 

300 

568.8 

189.6  5.67 

5371 

The  ratio  of  grate  to  heating  surface  was  1  to  41.3  in  the 
first  case  and  1  to  44  in  the  latter.  The  stack  temperatures 
were  573  degrees  in  the  first  trial  and  666  degrees  in  the 
second. 

Notwithstanding  the  very  good  showing  made  by  the  first 
boiler,  it  lost.  It  is  not  possible  to  make  any  satisfactory  an¬ 
alysis  of  the  results  as  the  complete  data  for  coal,  etc.,  were 
not  kept. 

In  a  similar  comparative  test  complete  data  were  taken 
and  Table  II  shows  the  results.  In  these  tests  both  boilers 
burned  the  same  kind  of  coal. 


TABLE  II. 


Boiler  with  7J  Boiler  with  10 
sq.  ft.  per  H.P.  sq.  ft.  perH.P. 

Grate  to  Heating  Surface,  1  to  38.9  1  to  63.1 

Moisture  in  steam,  .62  of  1%  1.088% 


Evaporation  per  lb.,  combustible  7.15  lb.  8.01  lb. 

Evaporation  from  and  at  212  de¬ 
grees  per  sq.  ft.  H.  S.  7.12  5.27 


These  trials  were  very  carefully  made  and  an  analysis  of 
the  results  shows  about  the  conditions  we  may  expect.  The 
low  ratio  of  heating  to  grate  surface  of  the  smaller  boiler  per¬ 
mitted  harder  forcing  and  the  result  was  this  boiler  evaporated 
35.1%  more  water  per  sq.  ft.  of  heating  surface  than  did  the 
large  boiler,  but  the  large  boiler  gave  12%  better  economy  for 
everv  pound  of  combustible  burned.  The  late  Dr.  Emerv  in 
discussing  these  trials  spoke  very  strongly  against  a  low  sur- 
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face  ratine:  boiler,  saving  that  the  endeavor  to  force  heating 
surface  was  sure  to  be  followed  by  loss  in  economy,  and  did  not 
pay.* 

In  regard  to  the  effect  of  circulation  in  the  boiler  much  dif¬ 
ference  of  opinion  has  existed.  A  few  years  ago  some  Eng¬ 
lish  writers  went  to  much  trouble  to  prove  that  circulation  was 
of  no  benefit  whatever,  and  that  in  some  cases  it  actually  inter¬ 
fered  with  evaporation.  This  view  would  seem  to  be  contrary 
to  all  reason  and  common  sense,  and  more  recent  investigation 
has  demonstrated  its  absurdity. 

When  water  is  being  evaporated  very  rapidly  in  the  hot¬ 
test  part  of  the  boiler,  other  water  must  be  continually  flow¬ 
ing  in  to  replace  it,  and  the  steam  produced  should  not  pocket 
any  place  but  quickly  escape  to  the  surface  of  the  water.  This 
implies  that  there  must  be  circulation,  and  that  its  rapidity 
will  increase  with  increase  of  rate  of  evaporation.  Builders 
of  some  t}Tpes  of  vertical  boilers  have  found  it  necessary  to 
put  circulation  pipes  on  the  outside  of  the  setting,  connecting 
upper  and  lower  drums,  to  facilitate  the  action,  the  hot  water 
and  steam  passing  up  through  the  boiler  and  the  water  down 
through  the  circulating  pipe.  It  is  indeed  hard  to  see  why 
good  circulation  is  not  absolutely  essential  to  rapid  evapora¬ 
tion,  since  it  is  continually  bringing  the  water  to  the  most 
efficient  part  of  the  heating  surface  and  removing  the  genera¬ 
ted  steam  away  from  that  surface. 

But  in  addition  to  facilitating  evaporation,  circulation 
performs  another  very  important  service,  and  that  is  to  keep 
the  heating  surface  swept  clear  of  all  sediment  and  foreign 
matter  deposited  when  the  water  is  evaporated.  This  water  is 
carried  to  the  more  quiet  and  cooler  parts  of  the  boiler  where 
it  can  be  deposited  without  detrimental  effect  to  the  heating 
surface.  This  cleaning  effect  of  the  circulation  is  an  exceed¬ 
ingly  important  one,  for  without  it,  in  using  bad  water,  bag¬ 
ging  and  blistering  of  the  heating  surface  will  be  of  common 


*(9ee  St.  Rw'y  Journal,  April;  1832.) 
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occurrence.  The  writer  has  seen  in  ordinary  two  flue  and  re¬ 
turn  tubular  boilers,  deposits  of  loose  scale  and  sediment  direct¬ 
ly  over  the  bridge  wall,  varying  in  quantity  from  a  peck  to  two 
or  three  bushels,  while  the  remainder  of  the  surface  would  be 
practically  clean.  The  circulation  in  this  case  would  be  sweep¬ 
ing  the  entire  boiler  with  the  exception  of  directly  over  the 
hottest  part  of  the  fire,  where  the  current  would  be  directly  up¬ 
ward,  while  the  scale  would  be  deposited  in  a  heap,  its  presence 
frequently  not  being  suspected  until  a  large  bag  appeared  in 
the  shell. 

In  water  tube  boilers  the  sweeping  effect  of  circulation 
manifests  itself  in  very  curious  ways.  In  some  horizontal 
water  tube  boilers  the  mud  and  sediment  will  be  swept  up  into 
the  back  ends  of  the  upper  rows  of  tubes,  often  closing  them 
completely  while  the  hottest  part  of  the  boiler  will  be  com- 
parrtivelv  clean.  In  other  cases  this  dirt  will  deposit  in  the 
nipples  connecting  the  back  headers  with  the  drums,  thus  re¬ 


upper  rows  of  tubes  with  serious  results  in  consequence. 


In  considering  the  importance  of  the  circulation  both  for 
promoting  evaporation  and  for  preserving  the  heating  surface 
it  would  seem  essential  that  this  particular  feature  be  one  for 
special  investigation  in  choosing  a  boiler.  The  boiler  ought  to 
be  of  such  design  that  circulation  is  free  and  unrestricted. 
Unfortunately  this  is  a  special  defect  in  some  common  water 
tube  boilers.  The  connections  between  the  generating  tubes 
in  which  most  of  the  evaporation  takes  place,  and  the  drums  in 
which  the  liberating  occurs,  are  so  restricted  in  area  that  the 
circulation  is  throttled  and  the  tubes  become  over-heated  and 
blistered  very  easily. 

This  trouble  is  far  more  prevalent  in  some  cases  than  in 
others.  If  the  furnace  is  directly  under  the  front  ends  of  the 
tubes,  so  that  the  hot  flame  from  the  fire  impinges  directly 
against  the  tubes,  or  if  forced  blast  be  used  or  blast  furnace 
gas — which  sometimes  produces  the  sharp  effect  of  forced 
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blast — the  conditions  are  especially  favorable  to  blistered  tul>es 
due  to  restricted  circulation. 

Another  matter  which  merits  discussion  when  considering 
the  boiler  as  a  steam  generator,  is  that  of  moisture  in  the  steam. 
It  was  said  at  the  beginning  of  this  part  of  the  discussion  that 
no  particular  type  of  boiler  could  be  selected  as  superior  to  all 
others.  It  may  be  just  as  truly  said  that  no  particular  type 
may  be  designated  as  one  which  makes  wet  steam,  though  many 
practical  men  assert  the  contrary.  Conditions  of  operation  and 
not  features  of  design  produce  wet  steam.  In  some  twelve 
.  hundred  tests  of  the  quality’  of  steam  made  by  different  types 
of  boilers,  the  writer  has  found  in  nearly  all  cases  the  steam 
commercially  dry  or  containing  less  than  2%  moisture.  This 
will  usually  be  found  in  practice,  though  some  boilers  run  as 
high  as  between  2%  and  3%.  The  writer  has  seen  trials  of 
boilers  in  which  over  8%  moisture  in  the  steam  was  reported, 
and  has  then  tested  these  same  boilers  and  found  less  than  A  of 
1  %  moisture  present.  This  tends  to  verify  the  statement  made 
above  that  excessive  moisture  is  due  rather  to  some  condition 
of  practice  than  design  of  boiler.  There  is  no  other  explanation 
of  such  an  abnormally’  high  percentage  of  water  present  unless 
we  conclude  that  the  engineer  reporting  such  results  was  in¬ 
competent. 

Engineers  writing  on  this  subject  usually  enumerate  the 
requirements  for  producing  dry  steam  to  be  ample  liberating 
surface  and  steam  space.  Most  of  the  common  types  of  boilers 
have  this,  except  probably7  the  vertical  boilers,  and  these 
provide  for  this  end  in  another  way. 

This  brings  us  to  the  consideration  of  steam  drying  or 
superheating  surface  for  a  boiler.  It  may  be  stated  without 
much  fear  of  contradiction  that  superheating  surface  in  any 
boiler  is  a  positive  advantage.  In  the  first  place  it  increases 
the  economy,  as  the  heat  which  is  taken  up  by  the  steam 
would  otherwise  have  passed  up  the  stack  and  been  wasted.  In 
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the  second  place,  dry  steam  is  produced,  or  it  is  frequently  to 
some  extent  superheated. 

Some  engineers  are  very  cautious  regarding  a  boiler  plate 
in  contact  with  steam  on  one  side  and  hot  gases  on  the  other, 
but  it  does  not  seem  that  there  is  any  particular  danger,  since 
the  steam  space  of  a  boiler  is  usually  well  removed  from  the 
hot  gases  of  the  furnace.  The  writer  has  seen  vertical  boilers, 
with  superheating  surface  in  the  upper  drum,  and  an  average 
stack  temperature  of  1000  degrees,  running  at  times  to  1400 
degrees  and  these  boilers  run  for  years  without  any  unfavorable 
results.  On  the  other  hand,  he  has  seen  the  upper  drum  of 
similar  boilers  bulged  like  a  barrel,  due  to  overheating  of  the 
superheating  surface.  This,  however,  was  due  to  a  combination 
of  causes  chargeable  to  bad  practice;  too  small  a  boiler  for  the 
waste  heat  available;  carrying  the  water  too  low,  and  the  ex¬ 
ceedingly  high  stack  temperatures  at  times  occurring  in  heating 
furnace  practice. 

Dry  pipes  in  the  steam  space  of  the  boiler,  through  which 
steam  is  drawn  to  the  outlet,  do  not  seem  to  be  of  any  advantage. 
Many  tests  with  these  devices  have  shown  as  much  moisture 
present  with  their  use  as  without.  They  may,  however,  tend 
to  prevent  a  heavy  dash  of  water  being  drawn  out  by  a  sudden 
pull  on  the  steam  line. 

Another  point  which  may  be  considered,  in  discussing  the 
efficiency  of  a  boiler  as  a  steam  generator,  is  the  place  at  which 
to  deliver  the  feed.  It  is  useless  to  try  to  enumerate  all  the 
different  arrangements  which  have  been  devised  for  admitting 
the  feed  water  in  different  ways. 

Many  types  of  water  tube  boilers  are  fed  in  the  front 
ends  of  the  drums  near  the  bottom.  The  reason  the  water  is 
fed  in  the  front  end,  near  the  bottom,  is  because  it  is  fed  in 
the  front  end  near  the  bottom.  In  other  words,  there  is  no 
reason  why  it  is  done.  If  it  be  granted,  as  it  certainly  should 
be,  that  the  two  precautions  to  be  observed  in  feeding  a  boiler 
are,  first,  that  the  feed,  if  possible,  attain  boiler  temperature 
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before  it  come  in  contact  with  the  hot  sheets,  anil  second,  that 
it  be  discharged  in  such  a  way  that  it  will  assist  circulation. 
If  this  be  granted,  then  the  evil  of  feeding  in  the  way  men¬ 
tioned  is  at  once  apparent.  The  water  is  projected  into  the 
drum  in  a  solid  stream  from  1J  to  2^  inches  in  diameter. 
Water  takes  up  heat  slowly  and  in  proportion  to  the  surface 
exposed  to  the  heat.  Flowing  in,  as  it  does,  in  a  solid  stream, 
much  of  it  must  come  in  contact  with  the  hot  plates  before  it 
reaches  boiler  temperature.  A  proof  of  this  once  came  under 
the  notice  of  the  writer,  in  a  plant  of  two  flue  boilers  fed  in  this 
manner.  Plates  were  continually  grooving  and  cracking, 
rendering  the  boilers  treacherous  and  making  frequent  repairs 
necessary.  Finally  one  man  was  hard  headed  enough  to 
conclude  that  the  discharge  of  the  comparatively  cold  feed  over 
the  hot  tire  sheets  of  the  shell  caused  the  trouble  and  changed 
the  admission  of  the  feed.  The  trouble  stopped  immediately 
and  forever.  Exactly  similar  conditions  exist  in  the  drum  of 
a  water  tube  boiler  fed  in  this  way,  except  the  sheets  are  not  so 
hot.  The  same  effects  must  occur,  but  in  a  le&s  degree,  so  that 
symptoms  of  the  trouble  are  not  often  manifested. 

Consider  the  conditions  which  exist  in  boilers  fed  in  this 
way  in  order  to  have  some  conception  of  its  effect  on  the 
circulation.  The  mixture  of  water  and  steam  coming  from  at 
least  9  generating  tubes  4"  in  diameter  is  doing  its  best 
to  rise  through  one  4  inch  nipple  into  the  front  end  of 
the  drum.  Here  it  is  met  by  a  flood  of  comparatively 
cold  water,  which  condenses  part  of  the  steam  and  tends  to 
concert  what  ought  to  be  the  hottest  part  of  the  boiler  into  the 
coldest.  The  result  cannot  be  beneficial  to  the  circulation. 
The  water  then  passes  through  the  drums  from  front  to  back, 
down  the  back  connections,  and  forward  through  the  generating 
tubes.  As  it  enters  the  tubes  the  cross  section  of  the  circula¬ 
tion  is  more  than  double  what  it  was  in  the  drums,  and  the 
velocity  is  consequently  reduced.  The  water  has  reached 
boiler  temperature  by  this  time,  and  this,  together  with  the 
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reduction  in  velocity,  causes  everything  held  in  suspension  to 
be  deposited  in  the  back  half  of  the  tubes,  and  as  the  setting  of 
this  type  is  usually  closed  by  a  solid  wall  at  the  back  end,  it  is 
is  almost  impossible  to  keep  the  tubes  clean.  This  is  one  of 
the  defects  of  this  type  of  boiler. 

Another  type  of  water  tube  boiler  has  so-called  mud  drums 
inside  the  regular  boiler  drums.  In  the  front  ends  of  these 
drums  the  feed  is  discharged,  while  blow-off  pipes  lead  out 
from  the  back  ends.  The  mud  drums  are  open  part  way  on 
top,  allowing  the  water  to  flow  over  in  sheets  and  mingle  with 
the  water  in  circulation. 

This  makes  a  very  good  arrangement.  The  entering  feed 
water  does  not  disturb  the  circulation  and  does  not  come  in 
contact  with  the  boiler  plates  until  fully  heated,  and  also 
deposits  much  of  the  matter  held  in  suspension  in  the  mud 
drum.  One  feature,  however,  in  this  arrangement  must  be 
observed,  if  its  advantages  are  to  be  fully  realized.  That  is, 
the  blow-off  pipes  leading  from  the  mud  drums  should  be  at 
least  2 in  diameter.  Otherwise,  practically  nothing  will  be 
blown  out  but  water,  and  the  mud  drums  will  fill  with  mud, 
Tendering  them  useless. 

The  method  in  practice  with  vertical  boilers  is  to  feed 
in  one  of  the  circulating  pipes,  in  the  direction  of  the  circula¬ 
tion.  This  is  another  very  good  method,  as  the  water  passes 
directly  to  the  mud  drum,  where  much  of  the  heavier  impuri¬ 
ties  immediately  settles  to  the  bottom.  The  water  rises  and, 
as  it  evaporates,  the  remaining  suspended  matter  gradually 
works  down  to  the  mud  drum,  the  tubes  always  remaining 
comparatively  clean.  This  is  one  of  the  advantages  of  this 
type  of  boiler,  especially  valuable  where  the  water  contains  a 
great  deal  of  suspended  matter. 

A  method  of  feeding  sometimes  used  with  tubular  boilers 
is  to  continue  the  feed  pipe  inside  the  boiler,  frequently  the 
entire  length  back  and  part  way  forward  again  before  the  feed 
is  discharged,  the  idea  being  to  allow  the  water  to  acquire 
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boiler  temperature,  or  nearly  so,  before  it  leaves  the  pipe. 
Nothing  can  be  said  against  this  method,  as  it  seems  to  give 
very  satisfactory  results.  The  point  of  discharge  of  the  water 
in  this  type  of  boiler  has  no  effect  in  determining  where  the 
sediment  will  be  deposited.  The  circulation  and  evaporation 
determine  this. 

Probably  the  best  method  of  feeding  return  tubular,  hori- 
zontal  water  tube  or  two-flue  boilers  is  in  the  steam  space  near 
the  back  end  of  the  shell  or  drum. 

The  method  is  certainly  a  rational  one,  as  the  circulation 
is  not  interfered  with  in  any  way,  while  the  water,  being 
delivered,  in  a  thin  sheet  or  cone,  attains  boiler  temperature 
before  coming  in  contact  with  the  plates.  The  water  is  heated 
by  steam  actually  generated,  but  that  steam  is  not  taken  from 
any  place  where  its  condensation  will  produce  a  disturbance  in 
the  circulation,  as  is  the  case  when  feeding  in  the  front  end  of 
the  drum  below  the  water  line. 

Another  matter  which  may  be  considered  here  is  the 
number  and  location  of  the  blow-off  pipes.  A  boiler  that  is  to 
be  kept  clean  must  be  blown  off  daily,  and  if  it  is  to  be  efficient 
the  blow-off  valves  must  not  lenk. 

The  blow-off  pipes  should  not  be  expected  to  be  effective 
in  bl  owing  out  mud  more  than  two  or  three  feet  on  each  side 
of  the  point  where  they  enter  the  drum.  This  will  determine 
their  number  and  location.  To  be  efficient  they  should  never 
be  less  than  2^"  in  diameter.  A  1\"  blow-off  does  little  more 
than  leak  hot  water.  All  blow-off  valves  and  cocks  are  bad, 
but  some  are  worse.  The  only  method  of  keeping  them  tight 
is  constant  vigilance  in  keeping  them  in  repair. 

* 

DURABILITY. 

«  — 

The  next  point  to  receive  consideration  is  the  durability 
of  a  boiler.  On  this  topic  there  is  not  a  great  deal  to  be  said. 

The  durability  of  a  boiler  is  dependent  very  largely  upon 
the  conditions  under  which  it  operates,  and  not  particularly  on 
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the  type  or  design  of  the  boiler.  This  statement,  however, 
should  be  somewhat  modified,  because  tubular  or  tubulous 
boilers,  using  very  bad  water,  may  require  retubing  in  a  few 
years,  while  the  old  style  two-flue  could  use  the  same  water  and 
be  kept  in  very  good  condition,  owing  to  its  better  facilities 
for  cleaning. 

Some  engineer  has  said  that  a  water  tube  boiler  is  like  Dr. 
Holmes’  famous  old  “  One  Horse  Shay  ” — when  it  does  go  to 
pieces  it  goes  all  at  once — but  this  is  not  strictly  true.  A 
water  tube  boiler  can  be  retubed  and  kept  in  repair  the  same 
as  any  other  type  of  boiler. 

The  plan  has  been  advocated  and  tried  in  some  places,  to 
replace  boilers  after  a  definite  number  of  years’  service 
without  regard  to  their  actual  condition.  This,  however,  never 
worked  satisfactorily,  and  now  the  practice  is  to  rely  wholly  on 
examination  to  determine  when  a  boiler  has  ceased  to  be  safe. 
This,  of  course,  places  the  entire  responsibility  on  the  inspector, 
and  is  another  and  additional  reason  why  competence  is  re¬ 
quired  in  this  position. 

The  actual  length  of  the  life  of  a  boiler  under  fairly  good 
conditions  would  be  very  hard  to  estimate.  The  writer  has 
seen  two-flue  boilers  said  to  have  been  in  continual  service  for 
between  thirty  and  forty  years,  and  they  were  still  in  very  good 
condition.  Tubular  or  tubulous  boilers  before  using  that 
water  for  half  the  time  would  very  probably  have  required  re¬ 
tubing.  The  brick  work  of  the  settings  of  the  latter  types  of 
boilers  becomes  badly  racked,  in  time,  due  to  the  boiler  being 
improperly  supported  and  requires  to  be  rebuilt. 

It  is  with  boilers  very  much  as  it  is  with  machinery  of 
various  kinds.  After  manv  vears  of  continued  service,  though 
the  actual  deterioration  is  not  really  sufficient  to  prohibit  fur¬ 
ther  usage,  the  design  is  obsolete  and  newer  and  more  modern 
apparatus  will  have  been  constructed;  in  the  course  of  natural 
progress  and  development  the  old  must  go.  For  this  reason, 
it  has  been  the  practice  of  the  writer  in  determining  operating 
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exi>ense,  to  charge  a  certain  definite  percentage  annually,  on 
first  cost  of  the  boiler,  so  that  after  a  number  of  years  the  en¬ 
tire  cost  would  be  charged  out  to  the  cost  of  production. 

In  general  it  may  be  said  of  different  types  of  boilers 
properly  proportioned  and  having  equally  good  material  and 
workmanship,  that  that  type  which  is  easiest  to  clean  will  not 
alone  be  the  more  economical  but  the  more  durable. 

COST. 

There  is  but  one  more  item  to  consider,  and  that  is  the 
cost.  If  the  foregoing  discussion  has  been  forcible  enough  and 
clear  enough,  this  item  will  be  kept  where  it  is  put  here — the 
last  to  be  mentioned.  To  a  superintendents  or  managers  the 
proposition  is,  of  course,  simply  a  business  one,  and  they  see 
simply  first  cost.  To  these  men  the  plea  may  be  made  and 
urged  that  the  engineering  side  of  the  question  should  be  al¬ 
lowed  predominance.  Low  price  alone  should  never  be  the  in¬ 
ducement  for  selecting  a  boiler.  The  lowest  price  in  this  line, 
as  in  many  other  lines,  is  apt  to  be  the  highest  in  the  end. 

The  whole  argument  clear  through  has  been  for  competent 
engineering  talent  from  the  very  inception  of  the  idea  of  a 
plant  to  its  comjdetion;  and  then  complete  obedience  to  the 
guidance  of  that  talent.  The  boiler  plant  will  then  start  under 
conditions  which  will  insure  its  operation  in  complete  harmony 
with  the  principles  of  modern  economic  engineering. 

This  concludes  the  general  discussion  of  the  points  enu¬ 
merated,  but  by  no  means  exhausts  the  subject.  The  special 
advantages  and  disadvantages  of  each  type  of  boiler,  as  they 
are  developed  from  actual  practice,  would  form  an  interesting 
continuation,  but  the  limits  of  this  paper  prohibit  their  con¬ 
sideration. 

The  statements  made  and  conditions  pictured  by  this  dis¬ 
cussion  have  been  made  strong  and  forcible,  but  they  are  by  no 
means  overdrawn.  One  of  the  hardest  questions  to  deal  with 
in  the  operation  of  a  large  power  plant  is  to  get  satisfactory 
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results  from  the  boilers.  The  general  boiler  practice  is  such 
that  the  boiler  plant  occasions  one  of  the  greatest  wastes  that 
occurs  about  the  entire  works,  and  the  worst  feature  about 
this  waste  is  that  it  is  scarcely  ever  measured,  and  its  real  com¬ 
mercial  importance  is  never  suspected. 

After  a  wearying  and  tiresome  experience  trying  to  run 
boilers  as  they  ought  to  be  run,  and  being  handicapped  at  every 
turn  by  the  faults  and  defects  of  boilers  and  their  settings, 
their  proportions  and  general  arrangement,  etc.,  the  writer 
cannot  help  being  forced  to  the  conclusion  given  at  the  com¬ 
mencement  of  this  paper,  that  the  time  to  do  the  hardest,  and 
most  efficient  work  on  the  boiler  plant,  is  in  the  selection  of 
the  boiler,  and  of  course  the  general  planning  of  the  details  of 
the  plant  at  that  time.  If  only  the  management  of  firms  mak¬ 
ing  new  installations  could  be  brought  to  thoroughly  appre¬ 
ciate  this,  it  would  mean  a  great  saving  of  money  to  those  firms 
and  an  immense  saving  of  worry  and  very  hard,  unsatisfactory 
work  on  the  part  of  their  operating  forces,  in  coming  years. 


ADDENDUM. 

This  paper  was  read  before  The  Deutscher  Technischer 
Verein  of  Pittsburgh  on  April  26th,  and  in  the  remarks  which 
followed,  a  few  points  were  mentioned  which  seem  to  demand 
some  further  discussion. 

The  President  of  the  Technischer  Verein,  Herr  H.  Laub, 
in  commenting  on  the  paper — while  admitting  the  importance 
of  the  boilers  in  any  plant,  and  the  correctness  of  the  asser¬ 
tion  that  none  but  engineers  of  special  experience  in  this  par¬ 
ticular  line  should  be  entrusted  with  their  selection  and  instal¬ 
lation — said  that  the  circumstances  in  many  cases  were  such 
that  an  engineer  who  was  honestly  conscious  of  his  own  lack 
of  experience  and  knowledge  of  this  subject,  was  compelled 
by  his  client  or  employer  to  assume  the  responsibility.  Civil 


THE  SELECTION  OF  A  STEAM  BOILER. 


22ff 


engineers  having  general  charge  of  the  erection  of  large  build- 
ings  or  plants,  would  he  asked  by  their  clients,  “AN  hat  boilers 
shall  we  buy  ?*’  The  engineer  thinks  that  if  he  confesses  his 
inability  to  give  proper  advice  on  this  subject,  his  client,  who 
does  not  rise  to  a  height  sufficient  to  enable  him  to  grasp  the 
difference  between  civil  and  steam  engineering,  will  consider 
him  incompetent  in  all  engineering,  and  dispense  with  his 
services.  He  is  compelled  to  give  some  answer  in  self-defense, 
and  this  he  does  by  telling  his  client,  in  substance,  to  “  buy  any 
old  boiler.” 

A  condition  similar  to  this  probably  exists  in  all  profes¬ 
sions,  but  as  a  profession  becomes  older  the  condition  gradu¬ 
ally  disappears.  In  the  early  practice  of  the  medical  profes¬ 
sion,  a  physician  was  apt  to  be  called  upon  for  almost  any 
service,  from  prescribing  for  animals  to  delicate  operations  of 
surgery — and  these  varied  functions  he  performed  in  a  manner 
which  can  be  better  imagined  than  described.  Now  the  prac¬ 
tice  is  entirely  different.  There  are  oculists  and  aurists  and 
dentists,  surgeons  and  specialists  for  almost  every  organ  of  the 
body.  Xo  one  thinks  less  of  a  physician’s  knowledge  of 
therapeutics  because  he  refuses  to  amputate  a  limb — even 
though  there  be  no  law  to  prevent  him  doing  so,  if  the  patient 
has  confidence  enough  and  the  physician  nerve  enough. 

Such  changes  in  the  older  professions  which  have  brought 
about  a  differentiation  of  work  and  specializing  on  different 
lines,  are  going  on  in  the  engineering  profession  to-day.  No 
engineer,  however  competent  he  may  be,  can  hope  to  cover 
even  the  field  of  mechanical  engineering  alone,  for  if  he  does 

©O' 

he  is  spreading  himself  out  over  such  a  large  area  that  he  will 
never  be  very  deep  in  any  one  place. 

And  so,  though  there  may  be  some  clients  and  employers 
at  present,  who  are  shortsighted  enough  to  suppose  that  one 
engineer  should  be  an  authority  on  everything  about  the  plant, 
from  the  foundations  to  the  final  coat  of  paint,  yet  we  can  say 
without  much  hesitation  that  the  most  economical,  the  most 
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remunerative,  and  the  most  generally  satisfactory  results  from 
the  engineering  profession,  will  be  obtained  by  specializing  on 
different  lines  radiating  from  the  scientific  center  common  to 
all  engineering;  just  as  truly  as  are  the  best  results  obtained  to¬ 
day  by  the  same  means  in  the  legal,  medical  and  literary  pro¬ 
fessions. 

At  the  same  discussion  Herr  Doerfling  said  that  the  same 
course  of  argument,  which  would  require  the  selection  and  in¬ 
stallation  of  boilers  to  be  under  an  engineer  of  especial  experi¬ 
ence  in  this  line,  could  be  applied  in  very  many  cases  beside 
that  of  the  boiler  plant.  Bridges  are  located  by  boards  of 
aldermen  instead  of  civil  engineers;  pumps  for  municipal 
pumping  stations  are  selected  by  committees,  the  combined 
mechanical  knowledge  of  which  is  equal  to  that  of  Hamlet  in 
being  able  to  tell  a  hawk  from  a  hand-saw — when  the  wind 
blows  from  the  South. 

Such  instances  as  these  are  common  and  are  simply  fla¬ 
grant  abuses  of  trust  and  authority,  but  they  do  not  seem  much 
worse  to  the  writer  than  the  confiding  and  deluded  client  of 
the  incompetent  engineer. 

Ignorant  authority  and  incompetent  engineering  in  any 
statical  structure  may  mean  increased  first  cost,  unsatisfactory 
results  when  completed,  and  possible  danger  due  to  subsequent 
failure,  but  when  the  work  is  erected  the  loss  is  usually  ended. 
With  any  device  for  the  generation  or  utilization  of  heat,  all 
of  the  above  conditions  regarding  its  erection  are  true,  but  in 
this  case,  when  the  work  is  completed  and  the  apparatus  put 
in  operation  the  principal  loss  is  just  beginning,  and  will  con¬ 
tinue  so  long  as  the  apparatus  is  used.  For  this  reason  com¬ 
petent  engineering  in  this  line  is  of  special  economic  import¬ 
ance,  and  it  may  be  stated  as  a  principle  consistent  with  sen¬ 
sible  and  rational  deduction,  that  any  device  for  the  generation 
or  utilization  of  heat  should  no  more  be  installed  by  an  engi¬ 
neer  ignorant  of  the  scientific  principles  governing  the  action 
of  heat,  than  should  a  device  for  the  generation  or  use  of  elec 


THE  SELECTION  OF  A  STEAM  BOILER. 


231 


tricity  be  installed  by  a  man  ignorant  of  electrical  laws.  The 
errors  might  not  be  so  glaringly  apparant  in  the  former  case 
as  in  the  latter,  blit  they  would  exist  nevertheless. 

To  illustrate  the  cumulative  saving  of  a  good  boiler  plant 
as  compared  to  a  poor  one  when  they  are  run  side  by  side  for 
a  number  of  years,  suppose  we  make  the  following  assump¬ 
tions: 

Suppose  a  plant  of  7,000  horse  power  capacity,  good 
boilers  and  furnaces,  properly  designed  and  erected,  be  oper¬ 
ated  an  average  of  275  days  a  year  for  20  years;  the  coal 
consumption  being  4  lbs.  per  boiler  horse  power  hour,  and 
the  cost  of  the  coal  $1.50  per  net  ton,  delivered  at  the  boilers. 
Now  suppose  a  plant  of  equal  capacity,  but  of  such  poor  type, 
wrong  proportions  and  bad  designs,  that  5  lbs.  of  coal  are 
burned  per  boiler  horse  power  hour,  for  the  same  period  of 
time  and  that  the  coal  costs  the  same  per  ton.  The  value  of 
the  fuel  wasted  by  the  poorer  boiler  plant  in  the  20  years  is 
$693,000 — a  sum  sufficient  to  command  the  respect  of  the 
average  business  man,  even  at  the  present  time. 

The  poorer  boiler  plant  might  be  installed  for  about 

$100,000,  while  the  better  one  might  cost  about  $130,000. 

Now,  suppose  an  expert  engineer  had  had  charge  of  the 

installation  of  the  better  plant  and  had  received  $10,000  for 

his  services.  What  does  the  total  difference  in  first  cost 

• 

amount  to  when  compared  to  total  saving  effected  '  There  is 
simply  no  comparison,  as  the  difference  in  first  cost  would  be 
saved  in  little  more  than  a  year.  In  addition,  in  the  poorer 
plant,  cost  for  cleaning  and  repairs  would  be  greater,  as  well 
as  for  the  removal  of  the  greater  amount  of  waste  from  the 
furnaces. 

The  figures  given  are  in  round  numbers  and  the  conditions 
are  assumed,  but  neither  is  by  any  means  the  result  of  guess¬ 
work.  The  writer  has  tested,  and  has  in  mind,  plants  where 
more  than  5  lbs.  of  coal  per  boiler  II.  P.  Hr.  were  burned,  as 
well  as  plants  where  less  than  4  lbs.  per  boiler  11.  P.  Hr.  were 
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burned.  While  the  boiler  plant  may  not  run  275  days  every 
year  for  20  years,  yet  its  lifetime  will  certainly  be  equivalent 
to  that  running  time,  and  the  total  amount  wasted  would  be 
the  same.  7000  II.  P.  is  not  an  especially  large  plant.  Many 
plants  are  much  larger,  and  the  waste  will  be  in  proportion  to 
the  size  of  plant  as  well  as  to  time  of  operation.  So  that  there 
are  really  no  unusual  conditions  in  the  above  comparison, 
which  serves  as  some  illustration  of  what  the  aggregate  waste 
from  a  boiler  plant  may  mean  when  considered  for  a  number 
of  years.  • 

DISCUSSION. 

Mr.  N.  C.  Wilson — I  would  like  to  ask  Mr.  Snyder 
about  one  point.  I  understood  him  to  speak  about  the  advant¬ 
age  of  circulation  in  preventing  scale  from  forming  in  the 
tubes.  I  have  not  had  an  opportunity  to  examine  enough 
tubes  to  formulate  any  new  laws,  but  my  own  experience  and 
observations  have  been  that  circulation  does  not  prevent  the 
formation  of  scales.  It  seems  that  the  circulation  has  prac¬ 
tically  nothing  to  do  with  the  forming  of  scale,  and  it  seems 
to  me  that  at  the  points  of  the  most  rapid  circulation,  the 
scale  deposited  is  thicker  and  harder  than  in  other  parts  of  the 
tube.  I  had  an  experience  about  a  year  ago,  with  two  Bab¬ 
cock  &  AVilcox  boilers.  These  boiler  tubes  had  not  been  cleaned 
for  about  a  }Tear,  and  along  the  middle  of  the  tube,  (the  point 
of  most  rapid  circulation)  the  scale  was  3-16  to  1-4  of  an  inch 
thick.  The  boilers  were  equipped  with  Hawley  Down  Draft 
furnaces  and  there  was  some  discussion  about  the  condition  of 
the  furnaces,  but  the  people  who  built  those  furnaces  claimed 
that  the  circulation  was  so  rapid  that  it  would  keep  them  clean. 
AA"e  sent  for  a  man  and  had  the  plugs  taken  out,  and  we  found 
scale  more  than  1-8  of  an  inch  thick.  I  also  had  another 
experience  several  years  ago,  with  a  boiler  with  beautifully 
curved  tubes  and  splendid  circulation.  They  did  not  leave  any 
way  to  clean  those  tubes,  because  the  circulation  was  so  rapid 
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that  it  would  keep  the  tubes  cleaned  out,  but  after  a  while  the 
boilers  were  unable  to  make  as  much  steam  as  formerly,  and 
-constantly  grew  worse  in  this  respect.  After  the  boilers  were 
taken  down,  some  of  the  tubes  were  cut  in  two  and  it  was 
found  that  the  scale  was  so  thick  in  some  places  that  there  was 
not  space  enough  to  put  your  finger  through  the  four  inch 
tubes.  We  know  that  with  river  water,  the  mud  and  sediment 
will  always  be  deposited  in  the  places  w  here  there  is  the  least 
circulation;  in  such  cases  as  I  have  had  an  opportunity  to  ex- 
amine,  the  scale  has  been  thickest  and  hardest  at  the  points  of 
most  rapid  circulation. 

Mr.  W.  E.  Snyder — In  regard  to  that,  I  would  not  say 
that  the  circulation  would  keep  the  scale  from  forming  in  the 
hottest  part  of  the  boiler,  but  I  would  say  that  it  keeps  the 
sediment  from  settling  in  the  hottest  part  of  the  boiler.  If 
the  water  is  high  in  calcium  sulphate  and  carbonate,  scale  will 
form  in  the  hottest  part  of  the  boiler.  I  have  taken  scale  from 
the  hottest  part  and  found  it  to  be  almost  all  calcium  sulphate, 
and  the  scale  in  the  cooler  part  of  the  boiler  would  show  silicas 
and  carbonates,  as  well  as  all  sorts  of  dirt.  Calcium  sulphate 
is  the  last  to  come  down.  It  takes  the  highest  temperature  of 
the  boiler  before  this  is  all  precipitated,  and  therefore,  precip¬ 
itation  occurs  in  the  hottest  part  of  the  boiler. 

Mr.  S.  B.  Ely — I  would  like  to  ask  Mr.  Snvder  in 

* 

regard  to  super-heated  boilers.  I  would  like  to  know  how  you 
tested  those. 

Mr.  W.  E.  Snyder — With  good  ordinary  vertical  boilers 
we  find  steam  somewhat  super- heated,  especially  when  the 
boilers  are  set  for  using  waste  heat.  One  boiler  I  have  in 
mind,  I  found  the  super-heat  to  run  as  high  as  125  to  150 
degrees.  The  average  stack  temperature  being  about  1,000 
degrees.  The  surface  exposed  to  the  super-heated  surface  was 
.  in  the  upper  drum  of  the  boiler.  The  water  in  the  upper 
drum  was  about  20  inches  over  the  upper  tube  sheet.  The 
total  height  of  the  drum  was  about  00  inches.  That  would 
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make  the  super-heating  surface  40  inches  high,  and  60  inches 
in  diameter.  At  times  the  steam  escaping  from  the  Calori¬ 
meter  would  be  as  invisible  as  gas. 

A  Member — In  your  paper  you  spoke  about  measures 
being  taken  to  clean  boilers.  I  notice  you  do  not  make  any 
mention  of  the  surface  blow-off.  I  used  to  be  an  engineer  on 
the  lakes,  and  going  in  and  out  of  the  Chicago  river,  above 
the  Richards  Avenue  bridge,  the  water  is  very  bad,  and  boats 
going  up  there  used  to  be  provided  with  blow-offs.  We 
had  the  boilers  equipped  with  surface  blow-offs,  and  when 
we  got  out  into  the  lake  again  they  were  not  used.  1 
should  think  here,  in  this  Pittsburg  district,  with  this  water  to 
contend  with,  surface  blow-offs  would  be  equally  effective, 
although  I  have  never  seen  them  used  here. 

Mr.  W.  E.  Snyder — I  have  never  seen  a  boiler  equipped 
with  surface  blow-off  in  this  district.  I  would  think  that  they 
would  be  more  effective  where  the  water  contained  consider¬ 
able  matter  which  would  float.  The  matter  here  which  causes 
us  the  worst  trouble  is  suspended  matter,  such  as  clay,  sand, 
and  scale  forming  matter  as  calcium,  magnesium,  sulphates  and 
carbonates;  surface  bow-offs,  I  do  not  think,  would  be  very 
effective  in  removing  them. 

Mr.  H.  J.  Lewis — With  this  organic  matter  it  is  differ¬ 
ent.  It  is  the  solids  that  have  a  tendency  to  rise  to  the  top 
that  can  be  got  rid  of  by  surface  blow-off. 

Mr.  A.  G.  McKenna — The  question  of  preventing  scale 
is  largely  a  chemical  problem.  The  trouble  with  Monongahela 
river  water  is  the  presence  of  calcium  sulphate,  and  at  times 
ferrous  sulphate  or  acid  which  eat  away  the  iron.  All  works 
using  Monongahela  water  should  use  soda  ash  to  neutralize  the 
acid  and  at  the  same  time  cause  the  scale  to  change  from  the 
hard  adherent  calcium  sulphate  to  soft  loose  calcium  carbonate. 

Mr.  W.  E.  Snyder — I  would  say,  in  explanation,  that  I 
spoke  particularly  in  reference  to  the  water  of  the  Allegheny 
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river.  In  that  water  we  have  no  trouble  with  the  acid  what¬ 
ever. 

Mr.  H.  J.  Lewis — I  have  found  in  the  Monongahela  liiver 
water,  so  much  iron  that  it  is  impossible  to  make  a  velox  print 
that  is  not  yellowish  or  brown.  That,  I  suppose,  comes  from 
the  mining  portions,  and  from  the  sulphur  and  sulphate  of  iron, 
which  is  turned  into  the  water  in  solution. 

Mr.  A.  G.  McKenna  — I  might  say  that  we  are  to  have  a 
meeting  of  the  Chemical  Section  at  which  the  paper  is  to  be  on 
the  Acidity  of  the  Monongahela  River  water. 

Mr.  W.  G.  Wilkins — As  regards  water  tube  and  tubular 
boilers,  I  know  of  two  plants  which  were  almost  identical, 
with  this  exception,  that  one  plant  had  water  tube  and  the 
other  horizontal  tubular  boilers.  On  the  test  the.  water  tube 
boilers  showed  away  ahead,  but  after  those  two  plants  had 
been  run  for  a  time,  the  water  tube  boiler  was  25%  behind  the 
horizontal  tubular  boiler. 

Mr.  W.  E.  Snyder — I  did  intend  to  discuss  the  differ¬ 
ent  types  of  boilers,  but  did  not  have  time.  I  would  say,  howr- 
ever,  that  the  water  tube  boiler  is  a  more  complicated  appa¬ 
ratus,  and  requires  better  intelligence  to  operate  it  properly. 
There  is  no  reason,  that  1  can  see,  why  it  would  not  be  as 
efficient  as  a  return  tubular.  But  I  have  had  some  very  good 
results  from  tubular  boilers. 

Mr.  F.  Z.  Scheluenberg — I  think  the  best  way  to  get 
at  the  question  is  to  get  good  water,  and  then  either  one  of  these 
types  will  do,  and  probably  the  water  tube  boiler  will  take  the 
lead,  because  as  I  understand,  the  calcium  compounds,  highly 
heated,  are  less  soluble  than  they  are  in  cold  water. 

Mr.  W.  E.  Snyder — I  think  that  point  is  a  very  good 
one.  Certainly  the  most  effective  way  to  keep  clean  boilers  is 
to  purify  the  water  before  it  goes  into  the  boiler.  There  are 
very  good  systems  for  this  purpose,  which  precipitate  the  sul¬ 
phates  and  carbonates,  and  filter  them  out  as  well  as  the  sus¬ 
pended  matter,  and  neutralize  the  acid.  The  water  is  dis- 
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charged  into  the  boiler  about  as  pure  as  it  can  be  made. 

Mr.  8.  B.  Ely — Mr.  Snyder  spoke  of  a  vertical  boiler 
with  outside  tubes  running  down  for  the  purpose  of  circula¬ 
tion.  Have  you  found,  in  your  tests,  any  lower  efficiency 
from  the  boilers  that  did  not  have  those  outside  tubes  ? 

Mr.  W.  E.  Snyder — I  would  say  that  I  have  not  made  a 
sufficient  number  of  tests  to  demonstrate  their  actual  value. 

Mr.  8.  B.  Ely — The  thing  I  want  to  get  at  is,  is  it  detri¬ 
mental  to  the  boiler  to  do  that? 

Mr.  W.  E.  Snyder — I  sould  think  the  circulating  pipes 
on  the  boiler  would  increase  its  capacity. 

Mr.  8.  B.  Ely — There  is  one  question,  and  that  is  a  ques¬ 
tion  of  using  heaters  in  connection  with  boilers.  I  would  like 
to  ask  Mr.  Snyder  whether  he  thinks  it  should  be  located  in 
the  boiler  room  or  near  the  engine. 

Mr.  W.  E.  Snyder — I  would  say  that  in  all  the  plants 
with  which  I  have  been  connected,  we  just  put  the  heater  where 
we  thought  it  most  convenient ;  we  always  had  so  much  ex¬ 
haust  steam  it  did  not  make  any  difference. 

Mr.  H.  J.  Lewis — When  you  are  using  exhaust  steam 
from  the  plants,  you  may  put  the  heater  S  most  anywhere.  A 
boiler  which  works  water  which  precipitates  solid  matter  is  in  a 

condition  very  nearly  parallel  to  what  is  described  in - ,  where 

it  has  an  inlet  and  no  outlet.  You  are  continually  putting 
water  into  the  boiler  containing  the  matter,  and  it  is  coming 
out  containing  no  matter,  and  it  seems  to  me  that  the  rational 
wav  is  the  treatment  of  the  water  which  is  bad,  and  carries 
solid  matter.  In  any  case,  the  rational  treatment  for  that  is 
outside  the  boiler,  not  in  it. 

A  vote  of  thanks  was  tendered  Mr.  Snyder  for  his  very 
interesting  paper. 

On  motion  the  Society  adjourned  at  10.50  P.  M.,  until 
the  regular  September  meeting. 

Charles  W.  Kidinger, 

Secretary. 
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The  regular  meeting  of  the  section  was  held  in  the  rooms 
of  the  Society  Thursday  evening,  June  20th,  at  8  o'clock. 
Chairman  A.  G.  McKenna  presided. 

In  the  absence  of  the  Secretary,  Mr.  II.  W.  ('raver  was 
appointed  to  record  the  minutes. 

A  paper  on  the  “Acidity  of  Monongahela  River  Water," 
was  read  by  Mr.  J.  A.  Mohr. 

After  a  short  discussion,  the  meeting  adjourned. 

A.  Gross, 

Secretary  C.  S. 


ACID  IN  MONONGAHELA  RIVER  WATER. 

BY  J.  A.  MOHR. 

A  great  deal  has  been  said,  but  very  little  has  ever  been 
written,  pertaining  to  the  subject  of  water  supply  for  boiler 
purposes  from  the  Monongahela  River.  A  few  notes,  taken 
partly  from  memory,  and  from  notes  and  analyses  during  the 
last  six  or  seven  years,  will  not  be  out  of  place. 

Some  eight  or  ten  years  ago,  a  government  commission 
established  the  fact  that  the  Youghiogheny  river  contained  free 
acid;  very  little  attention  was  paid  to  this  fact.  Although  it 
was  a  tributary  of  the  Monongahela,  it  did  no  harm  in  those 
days,  because  the  amount  of  carbonates  of  lime  and  magnesia 
were  in  excess  of  the  amount  of  acid  from  the  Youghiogheny. 
After  the  lapse  of  a  few  years,  the  mines  increased  both  on 
the  Youghiogheny  and  Monongahela  rivers,  and  naturally  the 
water  from  these  mines  increased  the  acidity  of  both  rivers, 

V 

because  they  are  of  an  acid  nature.  Regardless  of  whether  a 
mine  be  running  or  not,  it  will  produce  a  stream  of  water 
of  about  the  same  quantity  and  acidity.  The  number  of 
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mines  now  in  operation  need  not  be  seen,  for  they  manifest 
themselves  in  the  acidity  of  tributary  creeks  and  streamlets 
tested  for  free  and  combined  acid.  The  amount  found  in 
some  of  these  tributaries  varied  from  fifty  to  two  hundred  and 
fifty  parts  per  million.  Another  larger  source  of  acid  is  that 
which  is  used  in  a  great  many  factories,  especially  in  wire  and 
tin  plate  mills,  where  after  having  served  its  purpose  for 
pickling,  it  is  run  into  the  river. 

A  few  figures  will  illustrate  how  grave  is  the  change  that 
has  taken  place  in  the  course  of  a  few  years.  The  Monon- 
gahela,  in  the  summer  of  1894,  showed  22  parts  per  million 

carbonate  at  Dravosburg  Bridge,  during  the  summer  of  1900 

©  ©  '  © 

showed  from  3  carbonate  to  3  parts  acid.  The  Youghiogheny 

in  1894  showed  about  7  parts  acid;  in  the  summer  of  1900, 

160  parts  acid  were  found.  The  long  dry  spell  showed  to 

what  extremes  we  have  come.  The  end  has  not  yet  arrived, 

and  the  prospect  for  a  reduction  of  acid  in  the  future  is  not 

very  bright. 

*  © 

The  favorable  or  unfavorable  situation  of  a  plant,  as  the 
case  may  be,  is  shown  by  the  following  :  Five  different 
samples  of  water  were  taken,  commencing  at  north  shore,  in 
a  straight  line  across  the  river  to  south  shore,  and  at  about 
equal  distance  apart.  The  results  were  surprising,  and  are  as 
follows:  IT,  13,  1  parts  acid,  neutral  and  H  carbonate.  This 
proves  that  the  river  is  not  uniform,  arid  is,  so  to  speak, 
stratified.  At  one  particular  point  on  the  river,  below  one  of 
the  wire  mills,  a  sample  taken  showed  154  parts  ferrous 
sulphate,  and  yet,  not  a  half  mile  away,  an  inlet  for  boiler 
supply  was  located.  This  explains  partially  why  a  sample 
taken  from  same  tap,  about  five  or  six  times  a  day,  shows  a 
variation  of  from  two  to  fifteen  parts  per  million.  The  results 
of  all  this  is  best  judged  by  those  that  have  to  use  the  water 
from  this  source.  Eaten  out  and  leaky  boilers  result.  In  fact, 
when  the  water  runs  up  to  60  and  80  parts  acid,  repairs  cannot 
be  kept  up,  especially  in  tubular  boilers,  like  B.  &  AY.,  or  other 
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similar  patterns,  where  rapid  circulation  is  produced.  To 
counteract  this  effect  several  kinds  of  antidotes,  or  so  called 
dopes,  are  and  have  been  used;  among  these,  different  prepara¬ 
tions  of  caustic  soda  or  soda  ash  as  base,  colored  with  some 
organic  substance,  such  as  Chinese  earth.  But  the  dopes  mostly 
used  at  the  present  day  are  lime,  soda  ash,  and  tri  sodium 
phosphate.  Soda  ash  is  most  extensively  used  because  it  is 
cheap  and  effective.  Tri  sodium  phosphate  is  just  as  good,  if 
not  better,  but  is  too  expensive,  the  comparative  cost  being 
about  1  to  7  in  favor  of  soda  ash.  The  way  it  is  usually  added 
is  to  dissolve  a  known  amount  in  water  contained  in  a  tank,  and 
heated  by  a  line  of  live  steam,  dipping  nearly  to  botton  of  tank. 
This  will  both  stir  and  dissolve  it  quickly,  and  may  then  be 
pumped  into  boilers  at  regular  intervals — best  hourly. 

The  effect  on  the  water,  under  ordinary  circumstances,  by 
simply  heating,  we  know  is  to  concentrate  with  but  very  little 
decomposition,  but  under  circumstances  as  they  exist  in  boilers 
under  high  pressure  and  a  temperature  of  about  150°  C.  we  do 
not  know  absolutely  what  action  takes  place,  but  the  indications 
are  that  ferrous  sulphate  is  decomposed,  and  sulphuric  acid 
liberated,  and  in  turn  of  course  will  eat  away  its  equivalent 
amount  of  iron,  if  not  counteracted  by  some  alkali.  In  my 
experience  no  theoretical  factor  can  be  employed  in  doping 
boiler  water,  as  there  are  so  many  factors  that  have  a  varying 
effect  on  the  water,  i.  e.,  condensor  water,  if  any  is  used, 
evaporation,  fluctuation,  in  river  water  itself,  and  for  that 
reason  actual  tests  made  on  water  from  boilers  is  only  safe 
guide. 

The  method  for  testing  water  is  as  follows:  500  C.  (’.  of 
water  are  measured  into  a  clean  flask,  3  C.  C.  of  standard 
sulphuric  acid  are  now  added  thereto,  and  then  boiled  for 
three  minutes,  allowed  to  cool,  and  then  titrated  with  standard 
alkali  and  phenolphthal  in  as  indicator  the  amount  of  alkali 
used  more  or  less  than  3  C.  C.  will,  by  multiplying  by  10  give 
the  acidity  or  alkalinity  of  water.  Of  course,  when  large 
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amounts  of  carbonates  are  present,  more  acid  must  be  added, 
in  order  to  destroy  all  of  them,  or  erroneous  results  will  be 
obtained. 

When  testing -boiler  water  it  must  invariably  be  filtered 
before  determination  can  be  proceeded  with,  as  the  large  quan¬ 
tity  of  sediment,  mostly  furic  oxide,  renders  tint  of  indicator 
obscure. 

INDICATORS. 

Several  are  in  use  at  the  present  time.  The  most  popular 
are  methylorange  and  phenolphthalein.  As  is  well  known, 
methylorange  will  not  indicate  acids  combined  with  weak  bases, 
such  as  AL.,-0  and  F.E.O.,  and  these,  especially  the  latter, 
being  injurious  to  boilers,  consequently  must  be  determined, 
and  an  indicator  used  which  will  show  both  free  and  combined 
acid.  Phenolphthalein  serves  admirably  for  this  purpose. 
Both  indicators  can  be  used  at  the  same  time,  titrating  the  free 
acid  first  with  methylorange  to  end  reaction  of  free  acid,  then 
adding  phenolphthalein  and  titrating  combined  acid  in  the 
same  solution. 

Phenolphthalein  has  one  disadvantage,  and  that  is  that  all 
carbonic  acid  must  be  liberated  by  boiling  and  then  cooling 
before  titration. 

STANDARD  SULPHURIC. 

14  C.C.  Sp.  Gr.  1.84  in  4,000  C.  C.  H20.1C.C.  =o  parts 
per  million  very  nearly,  when  using  4  liter  of  water. 

STANDARD  CAUSTIC  SODA. 

Caustic  soda  is  standarized  on  the  standard  sulphuric  acid 
weighing  21  gram  ms  of  Na.  O.  H.,  and  dissolving  in  4,000 
C.C.  of  water,  a  solution  of  very  near  the  required  liter  will 
be  obtained. 
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THIS  SOCIETY  DOES  NOT  HOLD  ITSELF  RESPONSIBLE  FOR  THE  OPINIONS  OF  ITS  MEMBERS. 


The  two  hundred  and  seventeenth  regular  month! v  meet- 


held  in  the  Lecture  Koom  of  the  Society's  House,  410  Penn 
Avenue,  Pittsburg,  Pa.,  Tuesday  evening,  September  17,  1901, 
the  President,  Mr.  H.  W.  Fisher,  being  in  the  chair,  and 
thirty-three  members  and  visitors  present. 

The  minutes  of  the  preceding  meeting  were  read  and  ap¬ 
proved. 

For  the  Board  of  Directors  the  following  applicants  were 
reported  as  passed  and  to  be  voted  for  at  the  next  regular 
meeting: 

SETH  YOSE  ALBEE,  -  -  Transitnian, 


Central  Rapid  Transit  Co.,  101  Vir¬ 
ginia  Avenue,  Knoxville,  Pa. 


Superintendent, 


Bureau  Engineering  and  Const ruc¬ 
tion,  City  of  Pittsburg,  417  Dermis- 
ton  Avenue,  Pittsburg,  Pa. 


RAYMOND  BERN!  1AM, 


Employed  by  Westinghouse  Ma 
chine  Co.,  East  Pittsburg,  Pa. 


Transit  man, 

Central  Rapid  Transit  Company,  5 l.S 
Mellon  St.,  Pittsburg,  Pa. 


Pods  DEYIN, 


Draughtsman, 

Central  Rapid  Transit  Co.,  4 is  Arch 
St.,  Allegheny,  Pa., 


WILLIAM  SWAN  ELLIOTT, 


General  Eastern  Sales  Agent, 

The  Stirling  Company,  Germania 
Bank  Building,  Pittsburg,  Pa. 


WM.  FORSSTBOM 


Mechanical  Engineer, 

S.  Y.  Huber  &  Co.,  Sheridan  Ave., 
Bellevue,  Pa. 
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WILBUR  MACAULAY  JUDD,  - 

ERIC  A  LOOT  LILJESTRANP,  - 

HA RRY  C.  LOUDENBECK, 

GEORGE  P.  MAURY, 

EDWARD  SCHENK,  - 

GEORGE  K.  SMITH, 

FRITZ  OSCAR  STROMBORG, 

MAYNARD  A UGUSTINE  TENNEY 

The  following  gentlemen 
ed  to  membership: 

WILLIAM  E.  CONROY, 

HENRY"  L.  IRWIN,  - 

RUSSELL  E.  WAGGONER,  - 


Engineer, 

Central  Rapid  Transit  Co.,  GOO 
Lewis  Block,  Pittsburgh,  Pa. 

Draughtsman, 

American  Sheet  Steel  Co.,  P.  ().  Box 
1328,  Pittsburgh,  Pa. 

( ’hemist, 

Westinghouse  Air  Brake  Co.,  030 
Kirtland  St.,  Pittsburg,  Pa. 

Chemist, 

Metallurgical  Laboratory,  545  Lib¬ 
erty  Avenue,  Pittsburg,  Pa. 

Civil  Engineer, 

Central  Rapid  Transit  Co.,  Box  82, 
Walkers  Mills,  Pa. 

Chief  Draughtsman, 

C.  D.  &  P.  Tel.  Co.,  410  Seventh 
Avenue,  Pittsburg,  Pa. 

Mechanical  Engineer, 

Mill  Machinery,  P.  0.  Box  1328,  . 
Pittsburg,  Pa. 

”,  Assistant  Engineer, 

Central  Rapid  Transit  Co.,  130 
Charles  St.,  Knoxville,  Pa. 

were  balloted  for  and  duly  elect- 

«/ 

General  Manager, 

Conroy,  Prugh  &  Co.,  1429  Penna. 
Ave.,  Allegheny,  Pa. 

Secretary  Treasurer, 

Marlin  A  Co.,  Inc.,  23d  and  Small- 
man  Sts.,  Pittsburg,  Pa. 

Draftsman, 

Carnegie  Steel  Co.,  33d  St.  Mills, 
Pittsburg,  Pa. 


The  Secretary  then  reported  that  he  had  entered  into  an 
agreement  with  F.  A.  Ensign  regarding  his  taking  charge  of 

£2  O  C  O  O  O 

the  publishing  of  the  Proceedings  of  the  Society,  according 
to  the  action  taken  by  the  Society  at  the  last  meeting. 

For  the  Program  Committee:  Mr.  Camp  reported  that 
last  June  he  thought,  as  chairman  of  the  Program  Committee, 
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lie  was  pretty  well  supplied  with  papers  for  the  fall  term.  That 
he  had  two  very  definite  promises,  but  it  was  not  determined 
what  month  each  paper  was  to  be  presented.  All  these  promises 
have  been  broken.  We  are  now  on  the  market  for  any  good 
papers  that  the  members  choose  to  present  to  us.  I  wish  they 
would  not  look  at  the  matter  mildly. 

V 

Mr.  Fisher — The  chairman  of  the  Program  Committee 
has  hard  work  to  do,  and  I  think  it  would  be  well  for  the 
members  to  assist  him  all  they  can.  It  is  really  very  hard  work 
trying  to  solicit  papers. 

For  the  Reception  Committee:  Mr.  Wilson  reported  that 
there  has  been  some  difficulty  in  finding  the  members  of  the 
committee  to  call  a  meeting,  and  that  nothing  had  been  done. 

The  President — The  next  in  order  is  new  business,  and 
in  this  connection  I  would  like  to  say  that  in  the  history  of 
our  Society  there  has  never  been  a  time  that  we  have  been 
called  upon  to  lament  the  loss  of  our  most  excellent  President 
in  such  a  manner,  and  as  members  of  the  Society  we  all  ap¬ 
preciate  his  wonderful  and  magnificent  intellect,  and  his  charac¬ 
ter  as  a  man.  I  think  it  would  be  fitting  for  some  action  to  be 
taken  this  evening. 

It  was  voted  that  a  committee  of  three  be  appointed  to  draft 
suitable  resolutions  in  reference  to  the  loss  which  the  country 
has  sustained  in  the  death  of  President  McKinley.  The  presi¬ 
dent  appointed  Messrs.  Johnston,  Davison  and  Phillips  as  a 
committee. 

The  Secretary  then  read  the  following  paragraphs  from  a 
letter  from  the  National  Good  Roads  Association  : 

“The  National  Good  Roads  Association  of  the  United 
States  hereby  calls  The  International  Congress  for  Good  Roads, 
to  be  held  in  the  City  of  Buffalo,  State  of  New  York,  United 
States  of  America,  September  lb-21,  1901,  A.  I). 

“The  scope  of  the  deliberations  of  the  Congress  will  include 
general  discussion  and  exemplification  of  the  science  of  road 
construction  and  maintenance,  together  with  experimental  tests 
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and  experience  of  the  several  countries  of  the  world  and  the 
States  of  the  Union,  and  the  solution  of  the  problems  of  road 
making. 

The  President — The  Board  in  considering  this  matter 
thought  that  if  some  member  who  expected  to  be  in  Buffalo, 
would  be  willing  to  represent  the  Society,  that  he  could  act  as 
delegate  for  the  Society. 

The  next  in  order  was  the  reading  of  the  paper  of  the  even¬ 
ing,  by  Mr.  S.  B.  Whinery,  entitled  “Blue  Printing  by  Electric 
Light”  * 


BLUE  PPIXTIXG  BY  ELECTPIC  LIGHT. 

BY  S.  B.  AVHINERY. 

Almost  every  large  manufacturer  can  recite  numerous 
hard  luck  stories,  hinging  on  the  failure  of  the  sun  to  make 
his  appearance  at  a  time  when  he  has  been  in  sore  need  of  blue 
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prints,  to  supply  either  the  shop  force  or  pings  employed  on 
outside  work.  This  is  especially  true  of  the  local  district, 
where  we  very  often  have  da  vs  and  weeks  when  it  is  almost 
impossible  to  get  satisfactory  blue  prints  by  sunlight.  For 
this  reason  there  have  been  innumerable  attempts,  more  or  less 
successful,  to  use  the  electric  light  for  printing  purposes  during 
dark  and  cloudy  weather. 

I  recently  heard  a  prominent  railroad  official  relate  his 
experience  of  some  fifteen  years  ago.  He  was  at  that  lime 
with  one  of  the  Western  roads  and  the  general  office  was 

#  o 

very  anxious  to  get  a  print  from  a  certain  tracing  by*  the  next 
morning.  It  was  a  very  dark  winter  day  and  after  trying 
vainly  all  day  to  get  a  print,  he  at  last  carried  one  of  the  print¬ 
ing  frames,  with  tracing  and  sensitized  paper,  out  to  the  round¬ 
house,  and  had  a  freight  car  backed  directly  under  an  arc 
lamp.  He  blocked  his  frame  up  as  close  as  possible  to  the 
lamp  and  left  it  there  several  hours,  and  by  this  means  succeed¬ 
ed  in  getting  a  print  which  served  the  purpose,  but,  according 
to  his  own  statement,  was  not  remarkable  for  its  beauty. 

This  is  a  very  good  illustration  of  the  method  which  has 
been  most  general lv  tried.  In  most  cases,  however,  from  two 
to  six  or  eight  lamps,  reinforced  by  a  parabolic  reflector  of 
some  easily  obtained  material,  have  been  used.  The  poor  re¬ 
sults  usually  obtained,  may  be  charged  largely  to  the  old  style 
open  arc  lamp  and  the  slow  printing  papers,  which  were  used 
till  within  the  last  few  years. 

To  meet  the  demand  for  a  convenient  and  economical  pro¬ 
cess  of  blue  printing  by  means  of  the  arc  lamp,  two  type>  of 
machines  are  now  on  the  market.  These  are: 

(1)  The  cylindrical  frame,  with  one  movable  lamp, 
manufactured  by  B.  J.  Hall  &  Co.,  of  London  and  the  Pitts¬ 
burg  Blue  Print  Co.,  of  this  city;  and 

(2)  The  flat  frame  with  a  number  of  lamps  and  hood 
reflector,  manufactured  by  Eugene  Dietzgen  cVe  Co.,  of  New 
York. 


*mam 
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BLUE  PRINTING  BY  ELECTRIC  LIGHT. 


I.  THE  CYLINDRICAL  TYPE. 

The  standard  machine  of  this  type  is  shown  on  the  screen. 
It  consists  essentially  of  a  glass  cylinder,  made  in  halves 

and  held  together  by  brass  bands,  top  and  bottom.  It  rests 
on  a  revolving  base,  UB,"  to  facilitate  the  loading  and  unload¬ 
ing  operations.  The  tracing  and  sensitized  paper  are  held  in 
place,  and  good  contact  secured  by  the  canvas  covers,  “A," 
which  are  held  tight  by  means  of  springs,  “D. The  lamp, 
•“E,”  is  suspended  from  the  bracket,  “F,”  directly  over  the 
center  pin  of  the  base,  and  is  lowered  at  a  uniform  rate  by 
means  of  the  pendulum  and  escapement  gear,  “G.  '*  With  this 
general  plan  before  us,  we  can  now  take  up  the  apparatus  piece 
by  piece. 

Cylinder.  This  is  made  of  the  best  quality  of  plate  glass, 
and.  must  of  course  be  perfectly  free  from  bubbles  or  flaws 
of  any  kind.  The  plate  is  first  rolled  flat  and  polished.  It 
is  then  laid  on  a  semi-cvlindrical  mould  and  both  run  into  the 
furnace.  As  the  glass  softens  by  the  heat,  it  sinks  into  the 
mould  and  gradually  conforms  perfectly  to  its  surface.  It  is 
not  possible  to  get  an  absolutely  perfect  half  cylinder  of  glass 
by  this  means,  since  the  expansion  of  the  mould  in  the  furnace 
must  necessarily  alter  its  form  slightly.  The  deviation  from  a 
true  semi-cylinder  is,  however,  very  slight,  and  does  not  affect 
the  practical  working  of  the  apparatus,  even  where  the  most 
sensitive  paper  is  used.  After  bending,  the  glasses  are  again 
polished  and  marked  to  show  the  plates  bent  in  each  pair  of 
moulds.  In  this  way  the  best  possible  results  in  fitting  up  the 
two  halves  are  obtained.  The  corresponding  half-cylinders  are 
set  up  in  the  position  they  occupy  in  the  finished  cylinder,  and 
the  wooden  strips  front  and  back  are  trimmed  to  conform  per¬ 
fectly  to  the  surfaces  with  which  thev  come  in  contact.  Bv 

%j 

means  of  this  perfect  fitting,  rigidity  of  finished  cylinder  is  se¬ 
cured  and  the  glass  protected  from  cracking  by  an  even  distri¬ 
bution  of  the  strains.  The  wooden  strips  are  next  put  in  posi¬ 
tion  and  the  whole  bound  rigidly  together  by  the  brass  bands. 
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top  and  bottom.  The  canvas  cover  is  cut  to  tit  each  cylinder 
This  cover  is  first  put  on  the  cylinder  and  then  stretched  to  con 
form  to  the  glass  and  to  take  out  all  creases  by  soaking  it 
thoroughly  with  wood  alcohol. 

The  Base.  This  consists  of  the  base  plate  proper  and  the 
base  ring.  The  base  plate  is  made  of  two  thicknesses  of  well 
seasoned  wood  with  grain  crossed  to  prevent  warping  and  a 
piece  of  sheet  steel  is  screwed  firmly  on  the  top  side  to  give  a 
permanent  wearing  surface.  The  base  ring  is  supported  on 
four  small  cast  iron  wheels  and  consists  of  a  cast  iron  ring,  to 
which  is  screwed  a  wooden  ring,  which  latter  is  fitted  to  the 
cylinder  after  being  screwed  to  the  iron  ring.  The  base  ring 
revolves  freely  about  a  pivot  in  the  base  plate,  thus  adding 
greatly  to  the  convenience  of  operating. 

Arc  Lamps.  The  lamp  used  with  this  machine  has  been 
especially  designed  and  adjusted  for  this  work  and  gives  a  very 
white  light  of  high  actinic  power.  It  is  an  enclosed  arc,  con¬ 
stant  current  lamp,  with  exceptionally  long  arc  and  correspond¬ 
ingly  high  potential  difference  across  the  terminals.  The 
standard  direct  current  lamp  consumes  10  amperes  of  current 
while  the  alternating  current  lamp  requires  15  amperes.  •  An 
18  ampere  lamp  is  also  built,  to  meet  conditions  where  printing 
by  the  standard  lamp  would  be  too  slow,  such,  for  instance,  as 
printing  through  bond  paper,  or  making  black  or  brown  prints. 
Taking  the  standard  direct  current  lamp  on  110  volt  circuit, 
the  power  consumption  will  be  about  1.1  kilowatts,  giving  a 
candle  power  of  about  2000.  .  Experience  has  shown  that  the 
best  printing  effect  is  obtained  by  burning  the  lamp  upside 
down,  i.  e. ,  with  the  positive  carbon  on  the  bottom.  I  might 
add  that  exhaustive  experiments  with  practically  all  makes  of 
carbons  have  proven  that  the  American  carbons  are  very  much 
inferior  to  those  of  German  make. 

Auto-Gear.  This  is  a  simple  escapement  mechanism,  with 
a  long  pendulum  rod  and  easily  adjusted  weight.  Although 
the  motion  of  the  lamp  obtained  by  this  mechanism  is,  of  course, 
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not  absolutely  uniform,  it  is  so  nearly  so  that  the  difference  i> 

hardly  noticeable.  The  drum  which  carries  the  cord  by  which 

•/  *  . 

the  lamp  is  suspended,  is  so  constructed  that  it  can  be  disen¬ 
gaged  from  the  escapement  wheel  by  a  slight  outward  pull,  for 
raising  the  lamp.  The  weight  of  the  lamp  is  partially  coun¬ 
terbalanced  by  suitable  weights  in  order  to  reduce  the  pill  1  on 
the  drum  cord  to  about  34  pounds. 


li. 


FLAT  FRAME  TYPE. 


The  frame  used  with  this  type  is  the  ordinary  sun-print¬ 
ing  frame,  which  needs  no  detailed  description  here. 

The  arc  lamp  used  is  the  General  Electric  Co.'s  standard 
lamp,  which  gives  a  very  even  light,  using  about  5  ampero  on 
110  volt  circuit,  or  550  watts  of  power.  Its  candle  power  is 
about  1000.  The  number  of  lamps  varies  with  the  size  of 
frame  used,  one  lamp  being  required  for  approximately  4.  s 
sq.  feet  of  printing  surface.  A  sheet  iron  hood  of  parabolic 
form,  the  inside  surface  of  which  is  coated  with  a  white  enamel 
of  good  reflecting  power,  is  placed  above  the  lamps  to  concen¬ 
trate  the  light  on  the  printing  surface.  Where  more  than  one 
frame  is  used,  lamps  and  hood  may  be  rigged  to  run  on  a  rail 
directly  over  the  row  of  frames.  Current  is  fed  to  lamps  by 
means  of  trolley  wires  and  small  trolley  wheels.  In  order  to 
insure  an  even  distribution  of  light,  white  opal  globes  are  used. 

ADVANTAGES  AND  DISADVANTAGES' OF  THE  TWO  TYPES. 

The  cylindrical  machine  requires  the  minimum  amount  of 
floor  space,  which  is  often  a  matter  of  prime  consideration. 
Taking  an  outfit  for  making  prints  42  "  x84  "  say,  the  cylindrical 
machine  requires  about  5  sq.ft,  of  floor  space  and  approximately 
114  feet  head  room.  The  corresponding  standard  flat  frame 
type,  of  slightly  larger  capacity,  requires  two  frames,  each  with 
a  printing  surface  46  ”xS6",  or  a  minimum  floor  space  of  about 
75  sq.  feet  with  about  7  feet  head  room. 

The  current  consumption  is  less  with  the  cylindrical  type. 
Taking  the  above  sizes  and  assuming  equal  times  for  printing. 
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say  24  minutes  for  each,  the  cylindrical  type,  with  its  single 
lamp,  will  consume  only  10  amperes  to  make  two  prints,  or  124- 
ampere-minutes  per  print.  The  Hat  frame  type,  with  four 
lamps,  using  5  amperes  each,  will  use  20  amperes  or  50  ampere- 
minutes  per  print. 

The  Hat  frame  type  of  machine  is  cheaper  in  first  cost  of 
apparatus  than  the  cylindrical  type.  The  price  of  a  cylindri¬ 
cal  machine  for  making  prints  42''x60"  is  $425.00.  If  complete 
Hat  frame  of  corresponding  capacity  is  desired,  it  would  require 
two  blue-print  frames  and  carriages,  two  reflector  hoods,  and 
six  lamps,  if  both  frames  are  to  be  operated  simultaneously,  or 
one  hood  and  three  lamps  with  the  overhead  rail,  if  they  are 
to  be  operated  successively.  The  total  cost  with  two  hoods 
would  be  $402.00,  and  with  one  hood  approximately  $340.00. 
If  old  sun  printing  frames  can  be  utilized,  however,  the  cost 
would  be  only  about  $150.00,  plus  the  cost  of  overhead  rail  rig, 
which  would  depend  on  the  number  of  frames  covered.  It 
must  be  borne  in  mind,  however,  that  the  last  two  outtits  will 
make  less  than  half  as  many  prints  per  day  as  could  be  made 
on  the  $402.00  outfit,  and  that  the  cylindrical  machine  will 
easily  make  10%  more  prints  per  day  than  even  the  $402.00 
Hat  frame  outfit. 

The  contact  between  tracing  and  print  is  practically  per¬ 
fect  with  the  cylindrical  machine.  I  have  seen  a  number  of 
prints  made  from  tracings  which  had  been  carried  in-the  pocket 
and  were  consequently  creased  badly  where  folded.  The 
prints  showed  no  signs  whatever  of  these  creases.  With  a  flat 
frame  such  a  result  would  be  well  nigh  impossible,  unless  an 
air  cushion  were  used. 

The  maintenance  cost  will  be  greater  for  the  flat  frame 
type.  This  item  consists  mainlv  of  carbon  cost  and  breakage 
of  shades.  The  cylindrical  lamp  carbons  burn  about  60  hours, 
while  the  flat  frame  carbons  will  last  100  hours.  This  would 
mean  in  the  sized  machines  considered  above,  i.e.,  42"x60", 
1.66  pair  of  carbons  every  100  hours  for  cylindrical  type  and 
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three  pair  for  Hat  frame  type.  The  breakage  of  shades  would 
of  course  be  about  as  the  number  of  lamps,  or  as  3  to  1  in  favor 
of  the  cylindrical. 

The  time  required  per  print  is  considerably  less  with  the 
cylindrical  machine,  due  to  the  fact  that  two  prints  are  made 
simultaneously  and  it  also  has  the  advantage  of  requiring  le-s 
time  the  smaller  the  print.  The  Hat  frame,  of  course,  requires 
equal  lengths  of  exposure  for  both  small  and  large  prints.  It 
is  possible,  however,  to  cut  out  one  or  more  lamps  when  the 
frame  is  used  for  small  prints. 

The  Hat  frame  possesses  the  advantage  of  being  adaptable 
for  sun  exposure  in  case  of  failure  of  power.  This  would  be 
an  important  consideration  in  establishments  where  the  power 
plant  is  likely  to  be  shut  down  for  any  considerable  period  of 
time  by  high  water  in  a  neighboring  stream,  or  by  a  stoppage 
of  boiler  water  supply  from  any  cause. 

The  paper  wasted  through  under  or  over  exposure  is  much 
less  with  either  type  than  with  sun  printing  and  is  a  minimum 
with  the  cylindrical  type;  due  to  the  fact  that  after  having  de¬ 
termined  the  proper  position  for  the  pendulum  weight  for 
certain  tracings  and  a  certain  grade  of  paper,  absolutely  equal 
exposures  will  be  obtained  as  long  as  the  same  conditions  exi-t. 
With  the  flat  frame  type  the  exposure  depends  entirely  on  the 
faithfulness  of  the  operator  and  his  watch,  so  that  in  this  re¬ 
spect  it  is  no  better  than  the  sun  process. 

With  the  cylindrical  machine,  all  prints  can  very  easily 
be  made  of  exactly  the  same  tint,  while  this  is  almost  impos¬ 
sible  with  either  the  Hat  frame  machine  or  the  sun  process. 
Prints  made  on  the  cylindrical  machine  are  of  absolutely  even 
tint  over  their  whole  surface,  while  those  made  on  the  flat 
frame  show  a  slightly  deeper  tint  directly  under  each  lamp. 

Economy.  Mr.  II.  G.  Reist,  in  a  paper  read  before  the 
Milwaukee  meeting  of  the  American  Society  of  Mechanical 
Engineers,  gives  the  following  relative  cost  of  printing  bv  sun¬ 
light  and  by  electricity  with  the  Hat  frame  type  machine.  He 
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assumes  cost  of  electric  power  to  be  12c  per  kilowatt  hour, 
and  labor  cost  to  be  $1.00  per  day. 

Sun.  Elec. 

Prints  per  day,  41.9  56.5 

Cost  per  print,  2.39c  2.09c 

lie  does  not  give  the  size  of  prints. 

The  Pittsburg1  Blue  Print  Co.  recent lv  sent  the  following 

~  *  o 

circular  letter  to  all  users  of  the  cylindrical  machines  in  this 
country: 

COPY. 

For  the  purpose  of  obtaining  data  with  which  to  prepare 
an  article  on  our  method  of  making  Blue  Prints  by  electricity, 
we  write  to  ask  if  you  will  kindly  furnish  us,  as  nearly  as  you 
can.  with  answers  to  the  following  questions: — 

1.  What  is  the  size  of  prints  most  commonly  required' 

2.  On  an  average,  how  many  prints  do  you  make  per 
machine,  per  day  of  eight  hours ' 

3.  Have  you  any  record  of  the  maximum  number  of 
prints  made  in  any  one  day,  and  if  so  what  is  it  ? 

4.  What  is  your  labor  cost  in  blue  print  room  per  day 
or  month  ? 

5.  Can  you  give  us  an  estimate  of  the  number  of  prints 
made  per  day  by  sun-printing,  with  practically  equal  labor 
costs  per  day ' 

b.  Have  you  any  means  of  determining  total  power  con¬ 
sumption  of  lamp  per  day,  and  if  so  what  is  it  ? 

7.  Can  you  give  us  a  rough  estimate  of  the  maintenance 
cost  of  machine  per  month  ' 

Any  information  that  you  will  give  us  in  answer  to  the 
above  will  be  very  thankfully  received,  and  we  shall  be  glad  to 
reciprocate  the  courtesy  in  any  way  when  it  is  in  our  power  to 
do  so. 

Hoping  for  your  kind  attention,  and  to  hear  from  you  soon, 
we  remain, 


Very  truly  vours, 


BLUE  PRINTING  BY  ELECTRIC  LIGHT. 


•>  \  •-> 


The  answers  were  tabulated  and  averages  taken.  From 
these  averages  the  cost  of  prints  made  by  electricity  were  com- 
puted.  In  most  instances  no  answer  could  be  given  to  question 
six  (6),  so  I  have  assumed  that  the  lamp  will  burn  one  half  the 
time  or  four  hours  per  day,  consuming  4.4  kilowatt  hours  of 
power.  In  order  to  compare  these  results  with  those  given  by 
Mr.  Riest,  I  computed  the  cost  at  a  power  cost  of  12c  per 
kilowatt  hour.  In  the  majority  of  cases,  however,  power  is 
gotten  from  private  plants  and  I  have  computed  another  cost  to 
cover  this  case,  assuming  power  cost  of  5c  per  kilowatt  hour. 

Through  a  misunderstanding,  the  answers  to  question  five 
(5)  all  gave  maximum  number  of  prints  made  by  sun  process, 
so  I  have  taken  Mr.  Riest's  figures  here  as  a  basis  for  compari¬ 
son.  I  have  also  assumed  interest  and  depreciation  to  be  10''. 
These  assumptions  give  an  average  cost  per  print,  all  sizes, 
of — 

1.14c  with  12c  power,  or 

.09c  “  5c  “ 

> 

If,  however,  we  take  the  maximum  number  of  prints  made, 
these  costs  become  0.86c  per  print  and  0.66c  per  print,  respect¬ 
ively.  I  give  these  figures  merely  to  show  the  possible  mini¬ 
mum  cost.  Repeating  Mr.  Riest’s  figures  given  above,  the 
relative  costs  become. — 

Electricity 

Sim  (Fiat  Frame  Cylindrical) 

Prints  per  day  41.9  56.5  236. 

Cost  per  print  2.39c  2.09c  1.14c 

It  may  be  interesting  to  give  the  cost  per  print  for  various 
sizes  as  follows: — 

(36x42)  80  prints  per  day,  costing —  2.32c 

(30x42)  125  “  “  “  1.48c 

(24x36;  250  “  “  “  0.74c 

(13x19)600  “  “  “  0.31c 

The  maximum  prints  made  per  day  was  given  in  some 
cases  as  hi<rh  as  650,  19  inches  by  26  inches,  made  on  a  42x60 
machine.  One  concern  stated  that  one  man  and  helper  had  re- 
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cently  made  120  prints,  24  inches  by  36  inches,  including  wash¬ 
ing  and  hanging  up  to  dry,  in  2-^  hours.  A  42x60  machine 
was  used  in  this  case  also. 

In  conclusion  I  wish  to  thank  the  Pittsburg  Blue  Print 
Co.,  and  Eugene  Dietzgen  &  Co.,  for  kindness  in  giving  anv 
information  desired. 

DISCUSSION. 

The  President — Gentlemen,  this  has  been  a  very  inter¬ 
esting  paper,  especially  to  us  here  in  Pittsburg,  surrounded  as 
we  are  by  so  much  darkness  and  smoke,  and  not  being  able  to 
use  the  sun  for  this  work.  The  paper  is  now  open  for  discus¬ 
sion.  Mr.  Scott,  does  your  company  use  electricity  for  blue 
printing  ? 

Mr.  Scott — We  have  in  use  several  of  the  cylindrical 
machines  such  as  have  been  described,  and  the  fact  that  we  can¬ 
not  get  blue  prints  has  ceased  to  be  an  excuse  for  not  getting 
things  done.  I  was  through  part  of  our  drafting  department 
to-day  and  the  gentlemen  in  charge  explained  the  ways  of  order¬ 
ing  the  prints  from  the  blue  print  room.  He  had  several  colors 
of  cards.  One  card  was  simply  for  a  general  order;  another 
color  indicates  that  the  blue  print  is  to  be  had  in  an  hour; 
another  card  indicated  that  the  print  is  wanted  within  three 
hours.  That  such  a  system  can  be  in  operation  shows  that  the 
conditions  are  very  different  from  what  they  used  to  be.  I 
have  watched  the  machines  at  work  and  they  are  very  simple 
and  interesting  to  look  at  in  operation.  With  the  smaller 
prints  we  get  a  number  at  the  same  time,  so  that  taking 
small  prints  and  counting  each  as  a  blue  print,  the  output  in 
numbers  would  be  considerable. 

I  notice  we  have  with  us  this  evening  one  of  our  voung 
men  who  is  very  closely  associated  with  the  ordering  of  blue 
prints.  Perhaps  he  can  give  us  something  interesting. 

Mr.  Whitcomb — The  work  of  the  apparatus  is  very  suc¬ 
cessful.  As  Mr.  Scott  has  said,  a  large  number  can  be  printed 
at  the  same  time.  In  upright  frames  it  is  difficult  to  get  them 
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to  maintain  their  proper  position,  but  that  can  he  obviated  by 
not  loading  the  machine  to  its  capacity.  With  prints  of  not  any 
great  size  it  can  be  done  very  conveniently.  The  time  required 
varies  with  the  intensity  of  the  light.  The  average  time  1 
should  say  is  about  two  minutes.  We  never  took  any  measure¬ 
ments  of  the  power  required,  but  it  is  very  economical,  as  the 
power  is  not  burning  during  the  entire  time.  The  lamp  can  be 
switched  off  until  the  frame  is  loaded  again,  and  of  course,  it  is 
not  in  operation.  With  continued  attendance  at  one  frame, 
it  takes  about  one  minute  to  load  the  frame.  The  time  required 
to  print,  2  to  2^-  minutes,  would  make  about  three  minutes  for 
two  prints  the  full  size  of  the  frame,  that  is  each  side  of  the 
cylinder.  Those  prints  are  42x60.  If  the  prints  are  made  so 
that  they  can  be  cut  up  the  number  is,  of  course,  multiplied. 
This  is  the  case  in  a  great  many  instances.  Of  course  if  those 
are  counted  as  each  being  a  separate  blue  print,  the  total  number 
is  increased  a  great  deal.  We  have  made  as  high  as  000  to  1000 
on  one  frame  in  one  day  with  prints  of  that  nature.  One  of  the 
chief  difficulties  on  account  of  this  frame  was  the  wearing  and 
loosening  of  the  canvas.  The  method  of  attaching  it  to  the  rear 
of  the  frame  does  not  leave  it  so  that  the  slack  can  be  taken  up. 
If  it  wears  loose  it  must  be  taken  oft' and  attached  in  some  other 
way. 


Mr.  Whinery  —  For  convenience  with  those  smaller  prints 
there  has  been  made  what  is  called  a  ‘ ‘tilting  cylinder, "  and  this 
works  very  satisfactorily.  The  cylinder  is  supported  by 
trunnions,  one  on  each  side,  and  is  first  rotated,  then  turned 
over  to  the  other  side  and  loaded,  then  turned  back  to  the 
vertical  position. 

A  Member — There  is  a  statement  in  the  paper  that  you 
would  get  better  contact  in  the  cylinder  than  with  the  regular 
frame. 


Mr.  Whinery — The  inequalities  in  the  plate  glass,  of 
which  there  are  always  some,  are  taken  up  much  more  readily 
by  the  canvas  than  by  a  flat  pad  on  a  flat  frame.  It  has  been 
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tried  several  times  taking  tracings  which  have  been  folded  first, 
putting  them  in  the  Hat  frame,  smoothing  them  out  as  carefully 
as  possible,  and  the  print  would  show  the  creases.  With  the 
cylindrical  frame,  after  it  is  put  under  the  canvas  covering,  you 
can  press  the  creases  right  out  of  the  tracings  and  get  almost 
perfect  contact. 

Mr.  Fisher — I  would  like  to  ask  Mr.  Whinery  if  the 
photographers  are  using  this  method. 

M  r.  Whinery — Not  to  any  great  extent,  I  think.  The 
trouble  is  in  the  different  lengths  of  exposure  of  the  different 
negatives.  The  chances  are  that  you  will  over-expose  some, 
and  under-expose  others.  If  you  attempt  to  run  down  a  second 
time  you  will  make  matters  worse. 

Mr.  Fisher — What  is  you  opinion  as  to  the  new  Nernst 
lamp  gotten  out  by.  the  Westinghouse  people? 

Mr  Whinery— The  only  time  I  have  seen  the  lamp  was 
down  at  the  Exposition.  It  is  certainly  one  of  the  most  eco¬ 
nomical  lamps  that  has  been  made,  if  their  claims  are  upheld. 
The  light  coming  from  it  is  very  white  and  brilliant,  and  they 
are  very  high  in  candle  power  for  their  size.  I  do  not  know 
how  they  would  be  in  photographic  work  and  blue  printing. 

A  Member — I  do  not  understand  about  that  process  of 
printing.  Is  the  lamp  on  the  top  ? 

Mr.  Whinery — The  lamp  is  suspended  over  the  frame  and 
then  is  lowered  automatically.  It  goes  clear  to  the  bottom  and 
then  is  raised  by  hand. 

A  Visitor — Mr.  Chairman;  I  am  not  a  member  of  the 
Engineer's  Society  but  I  am  a  member  of  the  American  Blue- 
print  Co.,  and  I  would  like  to  invite  an}r  members  of  the  Society 
who  care  to  witness  one  of  these  machines  in  operation,  down 
to  the  fifth  floor  of  the  Power  Building.  I  would  soonest  Fri- 
day  afternoon  between  12  and  1:30.  One  of  the  members  of 
the  Company  will  be  glad  to  explain  the  working  of  it. 

On  motion  the  Society  adjourned  at  9:30. 

Charles  W.  Kidinger, 

Secretary. 
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A  regular  meeting  of  the  Section  was  held  at  410  Penn 
Ave.,  Sept.  19th,  at8  o’clock  P.  M.  Chairman  A.  G.  McKenna 
presided. 

The  minutes  of  the  last  meeting  were  read  and  approved. 
The  paper  for  the  evening  was  read  l>y  Mr.  Harry  E. 
Walters,  on  “Ammonium  Persulphate  as  a  substitute  for  Lead 
Peroxide  in  the  Colorometric  determination  of  Manganese.” 
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AMMONIUM  PERSULPHATE  AS  A  SUBSTITUTE  FOR 
LEAD  PEROXIDE  IN  THE  COLOROMETRIC 
ESTIMATION  OF  MANGANESE. 


BY  HARRY  E.  WALTERS. 

Almost  everybody  who  has  used  Lead  Peroxide  in  the  Col¬ 
orometric  estimation  of  Manganese  has  wished  for  a  substitute 
which  would  dissolve  completely  in  the  acid  solution,  there¬ 
by  allowing  the  comparisons  to  be  made  as  soon  as  the  solutions 
are  cool.  In  the  former  method  it  is  necessarv  to  use  a  centrifu- 
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gal  machine  or  allow  considerable  time  for  the  finely  divided 
Lead  to  settle.  The  substitute  should  be  as  cheap,  or  nearly  so, 
act  as  rapidly,  and  be  fully  as  accurate. 

The  writer  has  made  a  few  experiments  in  the  past  with 
different  substances,  but  without  success,  until,  acting  on  a  sug- 
gestion  of  Mr.  Hugh  Marshall’s,  which  appeared  in  the  Chemical 
News,  Vol.  83,  No.  2151,  that  Ammonium  Persulphate  could 
probably  be  used  for  the  quantitative  estimation  of  Manganese 
colorometrically.  Some  of  the  salt  was  obtained  and  experi¬ 
ments  instigated  to  find  the  proper  procedure. 

In  all  attempts  to  use  the  salt  in  solution  in  conjunction 
with  the  Nitrate  of  Silver  (which  is  essential),  the  results  were 
not  satisfactory,  owing  to  the  slow  decomposition  of  the  Per¬ 
sulphate,  or  the  precipitation  of  the  Silver  as  Peroxide,  but  where 
the  salt  was  used  direct  with  the  requisite  amount  of  Nitrate  of 
Silver,  very  satisfactory  results  were  obtained. 
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As  the  presence  of  a  Silver  Salt  is  essential  for  the  oxida¬ 
tion  of  the  Manganese  to  Permanganic  Acid,  experiments  were 
made  to  find  the  amount  which  should  be  present,  and  finally  it 
was  found  that  where  .02  gram  of  Nitrate  of  Silver  was  present 
the  oxidation  was  complete.  If  much  less  than  this  be  used  the 
oxidation  will  not  take  place,  and,  if  too  much  be  present,  Sil¬ 
ver  Peroxide  will  separate  and  give  an  off-colored  solution  dif¬ 
ficult  or  impossible  to  compare. 

Finally  the  following  scheme  was  adopted  :  0.2  gram  of 

the  test  steel,  and  a  standard  steel  of  known  Manganese  contents, 
are  weighed  off  into  suitable  test  tubes;  10  C.  C.  of  Nitric  Acid 
of  1.20  sp.  gr.  are  added  to  each.  The  tubes  are  placed  in  a 
water  bath  and  heated  until  dissolved,  and  all  nitrous  fumes  are 
driven  off.  15  C.  C.  of  a  solution  of  Nitrate  of  Silver  equal  to 
.02  gram  Ag  N03  (1.83  grams  of  the  salt  to  one  litre  of  water) 
are  added  to  the  tubes  in  the  bath.  This  will  cool  the  solution 
considerably.  Now  add  immediately  about  one  gram  Ammonium 
Persulphate  Salt  to  each  and  continue  warming  until  the  oxida¬ 
tion  commences,  and  then  for  about  a  half  minute  longer.  Re- 
move  the  tubes  from  the  baths  while  the  evolution  of  oxygen 
continues  and  place  in  a  cold  water  bath.  When  solutions  are 
cool,  which  will  require  but  a  few  minutes,  they  are  compared 
as  usual.  In  case  the  Manganese  is  high  in  the  sample,  0.75  per 
cent,  and  upwards,  0. 1  gram  of  the  sample  is  taken. 

The  procedure  for  pig  irons  and  blast  furnace  cinders  is  the 
same  as  for  steel  until  the  sample  is  dissolved,  except  that  the 
cinders  should  be  moistened  before  the  addition  of  the  acid, 
when  in  solution  they  should  be  filtered  in  order  to  free  them 
from  the  suspended  matter.  The  paper  is  then  washed,  using 
the  15  C.  C.  of  Nitrate  of  Silver  solution  as  the  wash,  and  the 
procedure  continued  the  same  as  for  steels.  If  this  filtration  is 
not  made,  the  suspended  matter  (the  carbon  or  silica),  which  in 
the  old  method  is  mechanically  separated  by  the  Lead  Peroxide, 
would  give  an  off-color  to  the  solution. 

In  dissolving  shot  or  chilled  iron  samples,  it  has  been  found 
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good  practice  to  add  a  little  Persulphate  to  the  acid  solution. 
This  will  distroy  the  combined  carbon  and  aid  the  solution  of 
the  sample. 

The  following  comparative  results  by  the  Lead  Peroxide 
and  Ammonium  Persulphate  methods  show  how  well  the  results 


agree. 

Lead  Peroxide 

Ammonium  Persulphate. 

1 

Per  cent. 

.33 

Steels. 

Per  cent. 

.33 

2 

.38 

.39 

3 

.40 

.39 

4 

.47 

.46 

5 

.58 

.  58 

6 

.67 

.67 

7 

.75 

.75 

8 

.80 

.80 

1 

.  .32 

Pig  Irons. 

.30 

2 

.65 

.65 

3 

.  65 

.65 

4 

.70 

.69 

5 

.71 

.70 

6 

.77 

.75 

7 

.98 

.98 

8 

1.02 

- 

1.02 

1 

.23 

Cinders. 

.24 

2 

.30 

.32 

3 

.32 

.32 

4 

.35 

.36 

5 

.40 

.40 

6 

.49 

.50 

7 

.70 

.72 

8 

.72 

.75 

In  making  up  the  Nitrate  of  Silver  solution  it  is  perferable 
to  make  a  stock  solution  by  dissolving  33.25  grains  of  the  salt 
in  a  half  litre  of  water.  10  C.  C.  of  this  diluted  to  a  half  litre 
will  give  the  solution  as  used. 
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During  the  course  of  experiments  one  interesting  peculiarity 
of  the  salt  was  observed.  While  this  peculiarity  may  be  con¬ 
fined  to  this  particular  lot  of  the  salt  in  question,  it  may  be 
worth  while  to  mention  it  to  save  others  from  the  aggravation 
it  caused  us,  and  that  is  that  when  the  salt  is  damp  the  reaction 
is  very  sharp  and  quick,  but,  when  dry,  it  is  very  imcomplete 
and  irregular  and  not  to  be  depended  upon. 

Ten  one  pound  bottles  of  the  salt  was  the  original  order, 
and  as  soon  as  it  was  received  the  experiments  were  immediately 
commenced,  correct  results  being  obtained  from  this  bottle  and 
the  following  one.  The  balance  had  been  stored  in  a  rather 
warm  place,  and  on  opening  the  third  bottle  for  use,  trouble  im¬ 
mediately  commenced.  After  exhausting  all  seemingly  possible 
and  impossible  causes,  it  was  finally  remembered  that  the  salt  in 
the  previous  bottles  was  dam}),  and  10  C.  C.  of  water  were  add¬ 
ed  to  the  bottle  and  intimately  mixed  with  the  salt.  The 
trouble  immediately  disappeared.  On  drying  some  of  the  same 
salt  it  reappeared,  so  that  now,  a  day  or  so  before  use,  10  C.  C. 
of  water  are  added  to  each  one  pound  bottle  of  the  dry  salt. 

The  advantages  claimed  for  the  Ammonium  Persulphate 
method  are  : 

1st. — All  the  solution  is  obtained,  there  being  nothing  from 
which  to  decant,  and  the  tube  can  be  rinsed  into  the  comparing 
tube. 

2d. — Only  one  third  as  much  acid  is  used  as  for  the  Lead 
Peroxide  method. 

3d. — The  small  size  of  the  test  tube  that  mav  be  used — a 
one  inch  by  eight  inch  tube  replacing  a  one  inch  by  ten  inch 
tube,  previously  used,  at  only  one  half  the  cost. 

4th. — As  the  oxidation  takes  place  below  the  boiling  point 
of  water,  a  simple  water  bath  can  be  used  for  the  entire  opera¬ 
tion,  thereby  doing  away  with  the  heating  over  an  argand  burner, 
or  hot  plate,  or  the  use  of  a  calcium  chloride  bath,  with  the 
result  that  the  breakage  due  to  these  higher  temperatures  is 
considerably  reduced. 
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5th. — It  is  neater,  quicker,  and  fully  as  accurate. 

The  use  of  the  silver  salt  does  not  create  much  exjiense,  as 
one  gram  will  make  fifty  determinations.  The  present  price  of 
the  Ammonium  Persulphate  is  $1.00  per  pound;  in  ten  pound 
lots  or  more,  S5c  per  pound.  If  the  use  of  this  method  should 
become  extensive,  thereby  creating  a  demand  for  the  salt,  it  is 
reasonable  to  suppose  that  these  prices  would  be  greatly  reduced. 
The  comparative  cost  per  hundred  determinations:  using  the 
quotations  of  a  local  supply  house,  would  be: 


Ammonium  Persulphate  method . 33.8c 

Lead  Peroxide  method . 50.8c 

Using  the  quotations  obtained  by  one  of  the  mill  laboratories, 
the  cost  would  be: 

Ammonium  Persulphate  method . 20.9c 

Lead  Peroxide  method . 38.3c 


In  conclusion,  1  would  say  that  the  method  has  been  in  use 
for  some  time  at  the  Laboratory  of  the  Duquesne  Steel  Works 
and  Blast  Furnaces,  and  has  given  perfect  satisfaction  for  all 
ranges  of  Manganese. 

The  Persulphate  is  also  an  excellent  substitute  for  Bromine 
in  the  oxidation  of  Manganese  in  Alkaline  solutions.  It  has  been 
found  good  practice  to  add  the  salt  direct  to  the  boiling  solu¬ 
tions. 

I  also  wish  to  acknowledge  my  thanks  to  Mr.  J.  M.  Camp, 
chief  chemist  at  the  Duquesne  Laboratory,  for  many  valuable 
suggestions  in  the  writing  of  this  paper. 

After  an  interesting  discussion  on  the  various  uses  of 
Ammonium  Persulphate,  the  meeting  adjourned. 

A.  Gross, 
Secretary  C.  S. 


A.  GOTTLEIB, 

Second  President  of  the  Society, 

1882-1883. 
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THIS  SOCIETY  DOES  NOT  HOLD  ITSELF  RESPONSIBLE  FOR  THE  OPINIONS  OF  ITS  MEMBERS. 


The  two  hundred  and  eighteenth  regular  monthly  meeting 
of  the  Engineers’  Society  of  Western  Pennsylvania  was  held 
in  the  Lecture  Room  of  the  Society’s  house,  410  Penn  Ave¬ 
nue,  Pittsburg,  Pa.,  Tuesday  evening,  October  15,  1901,  the 
President,  Mr.  II.  W.  Fisher,  being  in  the  chair  and  27  mem- 
bers  and  visitors  being  present. 

The  minutes  of  the  preceding  meeting  were  read  and  ap¬ 
proved. 

The  following  applicants  were  reported  as  passed  and  to 
be  voted  for  at  the  next  regular  meeting  : 


HARRY  HEPBURN  ANDERSON, 

JOHN  HARE,  - 

FRANK  WEYMAN  KENNEDY, 

FREDERICK  LICHTENSTEIN, 


Assistant  Engineer, 

American  Sheet  Steel  Company, 
Augusta  St.,Duquesne  Heights, 
Pittsburg,  Pa. 

Manager, 

Pittsburg  Branch,  The  Niles  Tool 
Works  Co. ,  Crafton,  Pa. 

Mechanical  Engineer, 

American  Sheet  Steel  Company, 
Vandergrift,  Pa. 

Transitman, 

Central  Rapid  Transit  Company, 
130  Charles  Street,  Knoxville 
Boro.,  Pa. 

Consulting  Engineer, 

Room  312,  331  Fourth  Avenue, 
Pittsburg,  Pa. 


CHAS.  WORTHINGTON, 
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The  following  gentlemen  were  balloted  for  and  duly  elect- 

O  O  d 

ed  to  membership  : 


SETH  V.  ALBEE, 

JOHN  BRUNNER, 

RAYMOND  BURNHAM,  - 

GEORGE  B.  COOPER, 

LUIS  DEVIN. 

WILLIAM  S.  ELLIOTT,  - 

WM.  FORSSTROM, 

WILBUR  M.  JUDD, 

E.  A.  LILJESTRAND,  - 

HARRY"  C.  LOUDENBECK 

GEO.  P.  MAURY, 

EDUARD  SCHENK, 

GEORGE  K.  SMITH, 


Transitman, 

Central  Rapid  Transit  Com¬ 
pany,  101  Virginia  Avenue, 
Pittsburg,  Pa. 

Superintendent, 

Bureau  Engineering  and  Con¬ 
struction,  Pittsburg,  Pa. 

Engineer, 

Westinghouse  Machine  Com¬ 
pany,  East  Pittsburg,  Pa. 

Transitman, 

Central  Rapid  Transit  Com¬ 
pany,  Pittsburg,  Pa. 

Draughtsman, 

Central  Rapid  Transit  Com¬ 
pany,  Pittsburg,  Ph. 

Sales  Agent, 

The  Sterling  Co.,  Germania 
Bank  Building,  Pittsburg,  Pa. 

Mechanical  Engineer, 

With  S.  V.  Huber  &  Co.,  Pitts¬ 
burg,  Pa. 

Engineer, 

Charge  of  Corps,  Central  Rapid 
Transit  Co.,  Pittsburg,  Pa. 

Draughtsman, 

American  Sheet  Steel  Company, 
Pittsburg,  Pa. 

Chemist, 

Westinghouse  Air  Brake  Co., 
Wilmerding,  Pa. 

Chemist, 

Metallurgical  Laboratory,  545 
Liberty  Ave.,  Pittsburg,  Pa. 

Civil  Engineer, 

Central  Rapid  Transit  Com¬ 
pany,  Pittsburg,  Pa. 

Chief  Draughtsman, 

The  C.  D.  &  P.  Telephone  Co., 
417  Seventh  Ave.,  Pittsburg,  Pa. 
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FRITZ  O.  STROMBORG,  -  -  Mechanical  Engineer, 

P.  O.  Box  1328,  Pittsbiug,  Pa. 

MAYNARD  A.  TENNEY,  -  -  Assistant  Engineer, 

Central  Rapid  Transit  Com¬ 
pany,  Pittsburg,  I’a. 


The  following  report  was  handed  in  by  the  committee 
which  was  appointed  at  the  last  meeting  to  prepare  a  suitable 
resolution  on  the  death  of  President  McKinley,  and  was  read 

by  the  Secretary. 

•/  * 

Mr.  President — Your  committee  appointed  to  draft 
resolutions  expressing  the  sentiments  of  this  Society  on  the 
death  of  President  McKinley  beg  leave  to  report  the  follow¬ 
ing  : 

C 

“We,  the  members  of  the  Engineers’  Society  of  West- 
ern  Pennsylvania,  desire  to  place  on  record  our  deep  sorrow  at 
the  death  of  'William  McKinley,  President  of  the  1’nited 
States. 


“  W  e  recognize  that  the  Nation  has  lost  a  most  able  Chief 
Executive,  who,  during  his  public  career,  has  always  been 
wise  in  council  and  able  in  statesmanship. 

“  To  his  efforts,  more  than  to  those  of  any  other  single 
individual,  is  due  the  present  era  of  prosperity,  in  which  we 
as  engineers  have,  all  and  severally,  been'directly  benefited. " 

“  1 1  is  wise  and  conservative  diplomacy  has  raised  our 
country  to  her  present  proud  position  among  the  nations  of 
the  world.’’ 

“( >ur  homage  is  due  to  him  as  a  man,  a  soldier,  and  a 
statesman,  and  we  honor  and  revere  his  memory  as  a  bright 
example  of  the  highest  type  of  American  manhood." 

Respectfully  submitted, 


Tiios.  II.  Johnson, 
F.  C.  Phillips, 
Geo.  S.  Davison, 

Coinviittrr. 
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For  the  Reception  Committee  Mr.  Wilson  reported  that 
at  the  last  smoker  there  were  a  number  of  people  here 
and  we  succeeded  in  raising  $50,  the  actual  expenses  were  $80, 
which  amount  has  been  paid  by  the  committee.  If  we  can  get 
enough  money  to  see  our  way  clear  to  do  so  we  will  have  another 
smoker,  not  only  as  good,  but  much  better  than  the  last  one. 
We  have  to  report  that  all  the  members  of  the  committee  are 
open  for  subscriptions  for  a  smoker  which  will  beheld  as  soon 
as  we  get  enough  money.  These  subscriptions  will  he  received 
by  any  member  of  the  committee,  or  the  Secretary  of  the 
Society  will  receive  the  money  and  take  care  of  it  for  us. 

Mr.  Fisher — I  hope  those  who  did  not  contribute  to  the 
last  smoker  will  contribute  freely  this  time,  so  we  can  prepare 
for  another. 

Mr.  Camp  for  the  Program  Committee  reported  that 
the  Committee  has  alwavs  the  same  old  story  about  still 
wanting  papers.  We  sent  out  notices  recently  that  have  just 
about  reached  the  members  and  expressed  our  needs  and  hopes 
and  we  think  that  after  thev  have  been  fairlv  digested  by  the 
individual  members,  we  will  have  a  surplus  to  present.  At  the 
present  time  we  are  still  in  need  of  papers  for  November  and 
December  of  this  year. 

Mr.  Fisher — I  would  suggest  that  if  any  member  has 
anything  in  the  line  of  a  short  paper,  I  think  it  would  be  an 
excellent  idea  to  notifv  Mr.  Camp.  We  are  thinking  of  chang- 
ing  the  program  occasionally  and  having  two  or  more  short 
papers.  Very  often  there  is  more  real  value  in  a  short  paper 
than  in  a  long  one. 

Mr.  Ely  for  the  Library  Committee  reported  that  the 
Committee  have  before  them  now  a  list  of  books  which  have 
been  recommended  bound  ;  that  they  were  studying  over  the 
matter  and  trying  to  take  out  those  they  do  not  think  worth 
binding,  and  hope  at  the  next  meeting  to  be  able  to  submit  a  list 
of  books  and  expenses  connected  with  binding  them. 
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The  following  communication  from  the  (  hamlier  of  Com- 

P 

merce  was  read  by  the  secretary. 

Chamber  of  Commerce 
of  Pittsburg. 

The  Chamber  of  Commerce  of  Pittsburgh  at  its  meeting 
on  the  16th  inst.  passed  the  following  resolutions,  and,  believing 
the  time  has  arrived  that  adequate  laws  should  be  enacted  for 
the  suppression  of  Anarchism,  has  sent  copies  to  all  leading 
commercial  bodies  requesting  their  friendly  co-operation. 

Will  you  kindly  submit  the  paper  for  consideration  of  your 
Association,  and  advise  us  of  such  action  as  may  be  taken? 

Geo.  H.  Anderson, 

Secret*  n't/. 

NECESSITY  OF  LAWS  TO  PUNISH  CRIMINAL  ATTACKS  ON  THE 
RULERS  OF  OUR  NATION  AND  TO  EXCLUDE  ANARCHISTS. 

Whereas,  The  assassination  of  President  McKinley  has 
brought  to  the  American  people  again  with  appalling  emphasis 
the  necessity  of  laws  to  adequately  punish  the  murderers  of  our 
Presidents  and  others  in  high  official  position;  and 

Whereas,  Anarchism  has  gained  a  foothold  in  our  country 
through  the  immigration  of  teachers  and  leaders  who  have 
organized  to  encourage  the  slaughter  of  our  rulers,  and,  if  pos¬ 
sible,  the  destruction  of  our  Government;  and  so  utterly  an¬ 
tagonistic  are  these  to  the  very  genius  of  American  institutions, 
that  there  authors  should  meet  with  condign  punishment,  and 
their  associations  banished  from  our  borders.  Therefore, 

Resolved,  Bv  the  Chamber  of  Commerce  of  Pittsburgh, 
that  there  exists  an  imperative  necessity  for  Congressional 
action  in  enacting  laws  for  punishing  assassins  and  for  the  sup¬ 
pression  of  anarchy  in  our  land. 

First.  To  provide  capital  punishment  for  those  convicted  of 
murder,  or  attempted  murder,  of  otlicers  in  high  public  positions. 

Scrawl.  Adequate  punishment,  by  imprisonment  or  banish¬ 
ment,  of  all  persons  counselling  violence  to  those  in  authority. 
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Third.  Laws  to  prevent  Anarchists,  or  those  suspected  of 
Anarchistic  tendencies,  from  entering  into  this  country. 

Fourth.  That  we  urge  upon  Congress,  and  on  all  State  Legisla¬ 
tures,  action  that  shall  keep  our  land  from  the  disgrace  of  fostering 
conspiracies  against  the  rulers  of  foreign  lands. 


Resolved,  Further,  That  copies  of  this  resolution  be  sent 
to  all  leading  commercial  bodies  in  the  United  States,  request¬ 
ing  their  co-operation  in  securing  favorable  Congressional  action 
on  the  lines  indicated  in  this  paper. 


Mr.  Fisher — What  is  the  will  of  the  Society  in  regard  to 
this  matter 

M  r.  C.  B.  Connelly — Gentlemen,  I  move  you  that  this 
Society  concur  with  the  action  of  the  Chamber  of  Com- 

t j 

merce  in  their  action  as  regards  the  resolution.  (Motion  car¬ 
ried.  ) 

The  next  in  order  was  the  reading  of  the  paper  of  the 
evening  by  Mr.  L.  J.  Daft,  entitled  “The  Historical  Develop¬ 
ment  of  the  Pick  Type  of  Mining  Machine."  The  paper  was 
read  by  Mr.  Nixon,  Mr.  Daft  not  being  present. 


L.  J.  DAFT. 
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THE  HISTORICAL  DEVELOPMENT  OF  THE  PICK 
TYPE  OF  MINING  MACHINE. 


BY  L.  .T.  DAFT. 


The  story  of  labor-saving  inventions  presents  the  most 
brilliant  page  in  the  annals  of  this  century,  which  for  mechanical 
achievement,  stands  forth  preeminent  in  history.  We  are  yet 
too  near  the  19th  century  to  realize  the  stupendous  changes 
which  have  swept  over  the  world;  the  held  is  so  vast,  and  the 
changes  so  great  that  only  those  who  have  given  the  subject 
special  thought  can  have  the  faintest  conception  of  the  revolution 
effected  in  human  life  by  the  inventions  and  their  developments 
in  the  past  one  hundred  years.  Life  has  been  made  easier,  hap¬ 
pier  and  better;  civilization  has  been  lifted  to  a  higher  moral 
and  intellectual  plane;  our  physical  environment  has  been  infi¬ 
nitely  improved;  nations  have  been  linked  more  firmly  in  fra¬ 
ternal  bonds  through  the  agency  of  the  telegraph,  printing  press, 
steamship,  and  locomotive,  and  notwithstanding  the  wars  which 
have  but  recently  darkened  the  world’s  horizon,  we  are  nearing 
the  “Golden  Age’'  of  universal  peace,  which  will  register  the 
last  and  grandest  triumph  of  the  mechanical  arts  over  the  tur¬ 
bulent  passions  of  hostile  nations,  by  the  inauguration  of  broth¬ 
erly  rivalry  in  all  that  leads  to  the  betterment  of  humanitv  and 
adds  to  the  sum  of  earth’s  happiness. 

At  the  very  base  and  foundation  of  this  marvelous  develop¬ 
ment  is  coal,  the  leading  source  of  energy,  with  which  nature 
has  blessed  us  so  abundantly,  and  the  production  of  which  has 
become  the  most  gigantic  industry  of  modern  times. 

C  /  i  '  mJ 


The  observant  traveler,  on  approaching  this  great  man¬ 
ufacturing  citv  for  the  first  time,  is  amazed  at  its  murkv  skies 
and  at  the  vast  volumes  of  smoke  pouring  from  thousands  of 
stacks.  On  inquiry  he  finds  that  he  is  in  the  largest  coal  field 
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manufacturing  center  in  the  world,  with  its  countless  factories, 
its  vast  emporiums,  its  palaces  of  art,  its  palatial  residences  and 
myriads  of  happy  homes  tilled  with  a  prosperous  people.  He 
realizes  that  but  for  our  coal  Pittsburg  would  be  but  an  in- 
significant  village  nestling  on  the  banks  of  the  lordly  Ohio,  in- 
stead  of  this  great  imperial  Iron  City,  and  that  if  deprived  of 
coal,  the  great  pulses  of  industry  would  cease  to  throb;  the  hum 
of  a  million  wheels  would  be  succeeded  by  an  appalling  silence; 
her  boats  would  mould  and  rot  at  the  wharfs;  her  halls  of 
industries  would  crumble  to  dust;  her  palaces  become  the  abode 
of  desolation;  her  homes  a  dwelling  place  for  the  beasts  of  the 
fields,  and  written  on  her  gates  the  legend  “Thy  glory  is  depart¬ 
ed.  "  Truly  the  value  of  this  mineral,  and  the  importance  of 
its  production,  cannot  be  over-rated,  and  anything  tending  to 
render  this  prosperity  greater  is  worthy  of  our  attention.  It 
therefore  seems  proper  that  at  this  time  we  spend  a  few  minutes 
in  discussing  the  origin  and  construction  of  some  mechanical 
devices  which  are  now  playing  an  important  part  in  coal  pro¬ 
duction,  and  which  are  destined  to  fill  a  still  larger  field  of  use- 
fulness  in  proportion  as  their  economic  value  is  more  widely 
recognized. 

O 

* 

It  has  often  been  noted  that  mechanical  development  runs 
in  cycles,  or  periods  of  evolution;  improvements  are  made,  fol¬ 
lowed  by  a  season  of  manufacture  and  sale,  and  for  a  time  no 
further  change  suggests  itself.  Another  period  of  unrest  and 
alterations  results  in  a  further  step  forward,  in  line  with  advances 
in  materials,  new  economic  discoveries,  or  changed  methods  of 
production.  The  last  few  years  of  the  19th  century  have  seen 
this  spirit  of  change  and  endeavor  manifest  itself  with  special 
force  in  the  Coal  Mining  Machine,  resulting  in  remarkable  ad- 
vances. 

I  wish  to  say,  before  I  proceed  further,  that,  while  I  am 
identified  with  those  engaged  in  this  particular  branch  of  man- 
ufacture,  I  will  endeavor  to  record  in  this  paper  with  absolute 
impartiality  some  of  the  many  changes  and  improvements  made 
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by  our  predecessors  and  contemporaries,  giving  honor  where 
honor  is  due,  and  freely  acknowledging  the  large  debt  of  grati¬ 
tude  which  we  all  owe  to  those  brave  pioneers,  who,  ignoring 
seemingly  unsurmountable  obstacles,  still  struggled  on,  each 
bequeathing  some  improvement,  until  the  ideas  and  conceptions 
of  the  original  workers  have  crystalized  in  the  symmetrical  and 
effective  percussive  coal,  mining  machine,  commonly  known  as 
the  ‘‘Pick  Machine,”  “Iron  Man,”  or  “Puncher,”  as  it  i>  af¬ 
fectionately  termed. 

%j 

No  machine  which  has  played  a  notable  part  in  any  indus¬ 
try  has  been  wholly  the  product  of  one  brain  and  hand;  each 
has  been  the  child  of  evolution,  a  thing  of  slow  growth;  to  this 
rule  the  pick  machine  has  been  no  exception,  and  even  in  the 
last  twelve  months  important  improvements  have  been  made 
which  are  destined  to  have  a  far  reaching  influence,  and  which 
have  placed  this  type  of  machine  more  prominently  than  ever 
before  the  mining  public. 

In  this  brief  historical  review,  no  attempt  has  been  made 
to  mention  all  of  those  who  have  contributed  towards  t he 
splendidly  successful  machine  of  to-day,  but  we  here  gratefully 
acknowledge  our  indebtedness  to  those  men  and  engineers  who 
have  labored  in  obscurity  and  discouragement  to  give  form  and 
life  to  an  idea  which  is  to  benefit  generations  vet  unborn. 


In  1761  Michael  Menzies  of  Xew-Castle-On-Tvne,  Eng- 

'  * 

land,  patented  a  mining  machine  which  has  the  distinction  of 
being  the  first  on  record,  and  which  embodied  ideas  whose  de¬ 
velopment  in  later  years  achieved  a  large  degree  of  success. 
During  the  next  hundred  years  successive  inventors  appear, 
eacii  marking  a  step  forward  then  passing  out  of  sight  leaving 
the  wav  more  clear  for  others;  gradually,  as  the  result  of  their 
devoted  labors,  the  successful  machine  emerges  from  among  the 
multitude  of  forms  and  types. 

In  the  year  1867  a  patent  was  granted  to  Mr.  Ilowit,  of 
England,  for  a  percussive  machine  which  had  some  of  the  essen¬ 
tial  elements  of  the  present  pick  machine.  This  machine  was 
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actuated  by  compressed  air,  operated  upon  an  inclined  sliding 
plane,  and  was  mounted  upon  a  universal  joint,  so  that  it  had 
a  lateral  as  well  as  a  vertical  swing;  it  required  two  men  to 
operate  it,  and  made  its  undercut  in  a  manner  similar  to  that 
of  the  modern  pick  machine.  There  being  no  device  to  check 
the  recoil,  the  work  was  very  laborious;  the  construction  would 
admit  of  only  a  very  narrow  undercut  at  each  setting  of  the 
machine.  It  was  not  a  success,  because  of  its  mechanical  im¬ 
perfection,  but  Mr.  llowit  certainly  deserves  credit  for  blazing 
the  way  for  others.  It  is  along  the  lines  marked  out  bv  him 
that  engineers  and  manufacturers  have  since  worked,  with  sue- 
cess,  partial  or  complete,  attending  different  construction. 

Butler  built  a  reciprocating  machine  which  was  patented 
later  as  a  rock  drill.  This  machine  was  built  after  the  fashion  of 
the  Howit,  in  that  it  was  a  reciprocating  machine,  it  was  an  im¬ 
provement  over  the  Howit,  and  had  a  better  type  of  valve 
motion.  Certain  means  were  provided  for  the  piston  cushioning 
without  damage  to  the  cylinder  heads. 

Some  time  after  this  Mr.  Jonathan  Harrison,  then  of  Penn¬ 
sylvania,  built  and  patented  a  machine  of  similar  type  and  ap¬ 
pearance,  but  possessing  many  valuable  improvements  in  detail 
of  construction.  Mr.  Harrison  probably  did  more  in  his  day 
than  any  other  man  towards  perfecting  a  machine  which  had  in 
it  the  element  of  success  and  commercial  value.  He  afterward 
disposed  of  his  patents  to  Geo.  D.  Whitcomb  &  Co.,  of  Chicago, 
to  whom  belongs  much  credit  for  the  present  success  of  machine 


mining,  through  persistent  efforts,  together  with  good  work  well 
done,  in  overcoming  defects  in  early  constructions.  They  tested 
many  suggested  improvements,  and  did  more  than  any  one  else 
in  overcoming  the  prejudices  of  the  labor  organizations,  finally 
bringing  forward  machines  of  the  present  standard  of  efficiency. 
The  later  machine,  as  manufactured  by  the  Geo.  D.  Whitcomb 
Co.,  still  bears  Mr.  Harrison’s  name. 

I  shall  make  no  attempt  to  describe  in  detail  the  earliest 
machines  not  now  in  use,  where  changes  followed  each  other  in 
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rapid  succession,  but  beginning  with  the  present  type  of  the 
Harrison  cutter,  which  was  in  fact  the  tirst  commercially  sue- 
cussful  machine,  I  propose  to  give  a  brief  description  of  this 
and  other  machines  of  its  type  which  followed  in  after  years, 
with  successive  modifications  and  improvements. 

Of  all  the  pick  machines  that  have  emerged  from  time  to 
time,  and  have  flourished  to  a  limited  extent,  there  are  left 
to-day  in  the  market  but  three  machines,  viz.,  the  Harrison, 
the  Ingersoll,  and  the  Sullivan,  these  makes  coming  on  the 
market  in  the  order  named. 

The  Harrison  machine  for  manv  years  back  has  been  very 
similar  in  general  construction  to  its  present  form,  resembling- 
all  nick  machines  in  being  mounted  on  two  low  wheels,  a  single 
double  pointed  pick  being  carried  in  an  extension  of  the  piston, 
the  piston  being  thrown  back  and  forth  in  its  cylinder  by  means 
of  compressed  air,  with  a  striking  speed  of  150  to  200  blows 
per  minute.  The  earlier  machines,  or  in  fact  the  machines  as 
they  were  built  by  the  Geo.  D.  Whitcomb  Co.  up  to  within 
the  last  year  perhaps,  were  equipped  with  a  rotary  engine  which 
was  located  in  the  air  chest,  and  paralleled  with  the  piston.  This 
device  rotated  a  spiral  wheel,  the  outer  edge  of  which  worked 
in  a  small  cup  valve,  which  was  seated  into  the  top  of  the  main 
valve,  some  15  or  18  inches  long.  This  was  a  very  clever  device, 
although  it  was  considered  to  be  complicated.  It  had  a  multi¬ 
plicity  of  wearing  parts  all  of  which  had  to  be  watched  and  kept 
• 

in  perfect  working  order,  as  any  leakage  of  air  around  the  end 
of  the  cam  would  cause  a  spasmodic  and  irregular  action,  and 
create  a  very  awkward  movement  of  the  machine. 

There  are  differences  in  various  details  of  all  pick  machines, 
these  differences  looking  towards  increased  capacity,  economy 
in  the  consumption  of  air,  greater  durability  of  wearing  parts, 
various  conveniences  in  operation,  etc.,  the  principal  distinguish¬ 
ing  feature  being  the  valve  motion,  which  is  the  most  vital  part 
of  the  machine;  the  means  for  admitting  and  exhausting  the  air 
being,  in  effect,  the  heart  and  life  of  the  coal  cutter,  and  like 
the  human  heart,  valve  motions  are  good,  bad,  or  uncertain. 


ror  )$£W  or  *orA#£ 

Not  liaving  a  cut  of  the  earlier  Harrison  machine  as  first 
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described,  Fig.  1  will  represent  the  new  Harrison  of  Dec.,  1900, 
and  shows  the  improved  rotary  engine,  with  its  vertical  shaft, 
crank,  and  pitman  rod  for  operating  the  slide  valve.  Also  the 
slotted  piston  rod  guide,  the  cylinder  having  an  air  cushion  and 
check  valve  in  the  back  head,  with  leather  cushion,  fillers,  and 
steel  plates  in  the  front  head,  supported  by  a  pocket  of  compress- 
ed  air;  the  non-adjustable,  or  rigid  trunnion.  Means  for  re¬ 
gulating  the  speed  of  this  rotary  engine  are  provided,  and  the 
rotary  motion  is  accomplished  by  an  arrangement  of  ports, 
which  admit  air  into  certain  compartments  while  exhausting 
from  other  compartments.  An  important  distinction  will  here 
be  recognized  in  that  this  valve  has  no  mechanical  connection 
with  the  piston,  as  affecting  or  controlling  its  movements.  If 
the  piston  were  removed  from  the  cylinder,  the  valve  motion 
would  be  capable  of  performing  its  functions  just  the  same, 
admitting-  and  exhausting  the  air.  This  renders  it  a  safe  machine 

O  O 

in  the  hands  of  learners.  As  above  stated,  the  leather  cushions, 
fillers  and  steel  plates  have  been  eliminated  in  the  back  head  of 
the  cylinder,  and  an  air  cushion  substituted.  This  is  a  decided 
improvement,  and  there  is  no  doubt  but  that  the  future  will  see 
this  spirit  of  advancement  demonstrated  more  fully,  and  that 
other  improvements  will  follow  which  will  make  it  a  still  more 
perfect  and  desirable  machine. 
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The  first  machine  of  the  Ilarrison  type  was  sold  in  188U, 
more  than  20  years  ago,  and  no  doubt  many  of  you  can  recall 
the  strained  relations  between  the  miners  and  operators,  the 
great  opposition  to  machines  and  the  obstacles  thrown  in  the 
way  of  their  successful  use,  the  combativeness  of  the  miners, 
the  determination  of  the  operators,  and  the  resulting  loss  of  life 
and  property  attending  the  introduction  of  machines  into  the 
mines.  Nevertheless,  machine  mining  triumphed  in  the  end,  and 
the  Harrison  machine  has  had  along  and  successful  career.  In 
this  connection  we  cannot  say  too  much  in  praise  of  those  who 
have  so  courageously  and  wisely  fought  these  battles,  and 
broken  down  prejudices  and  barriers  at  a  time  when  assistance 
and  recognition  were  so  hard  to  obtain 


Fig.  2  represents  an  early  pattern  of  the  Sergeant  coal¬ 
mining  machine  as  it  was  built  from  1889  to  1899,  and  shows 
the  sliding  or  adjustable  hub,  or  trunnion,  the  rubber  buffer  and 
steel  plate  in  the  back  cylinder  head,  and  the  independent  valve 
motion.  As  stated  this  machine  made  its  first  appearance  in 
1889.  The  earlier  machines  were  fitted  with  coiled  steel  spring 
buffers  in  the  front  end  of  the  cylinder  for  the  protection  of  the 
front  cylinder  head,  and  a  rubber  buffer  was  used  to  protect  the 
back  cylinder  head.  The  steel  spring  gave  way  the  second  year 
of  manufacture  to  an  air  pocket  with  leather  cushion,  tiller  and 
steel  washer  as  shown,  giving  in  effect  the  same  cushion  in  the 
front  end  of  the  cylinder  as  that  described  for  the  Ilarrison 
machine.  Various  improvements  were  incorporated  in  many 
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details.  The  adjustable  hub  or  trunnions  and  adjustable  handles 
were  put  on  the  machine  in  order  to  secure  a  perfect  balance; 
better  means  for  guiding  the  piston  in  its  proper  position  were 
provided,  preventing  it  from  twisting;  scraped  joints  were  used 
instead  of  leather  and  rubber  gaskets;  the  distinctive  feature  of 
the  machine  was  its  valve  motion.  This,  like  the  Harrison,  was 
independent  of  any  connection  with  the  piston,  but  differed  from 
it  in  its  greater  simplicity  and  endurance;  it  consisted  of  two 
balanced  plungers  working  side  by  side  in  the  air  chests,  carry¬ 
ing  plain  “IV*  valves,  one  plunger  acting  as  an  auxiliary  to 
control  the  main  valve,  the  valve  motion  being  complete  in  it¬ 
self,  admitting  and  exhausting  the  air  at  a  speed  determined  by 
the  regulating  mechanism;  this  valve  gear  admitted  of  superior 
adjustment  in  the  way  of  force,  length  and  speed  of  blow,  re¬ 
ducing  reaction  on  the  runner,  etc.  I  consider  this  one  of  the 
most  remarkable  valve  motions  ever  used  in  the  history  of  min¬ 
ing  machines.  It  is  practically  indestructible;  the  various  ports 
are  not  clogged  readily  by  coal  dust;  it  operated  well  with  air 
saturated  with  moisture;  it  was  adjustable  for  any  desirable  ef¬ 
fect,  and  in  common  with  the  Harrison  was  safe  for  the  machine 
runner.  If  the  pick  became  fastened  or  stuck  in  the  coal  and 
prevented  the  piston  from  working  freely  and  at  its  full  stroke 
in  the  cylinder,  this  would  not  create  any  spasmodic  or  irregular 
conditions  in  the  action  of  the  valve;  the  valves,  being  inde- 
pendent,  ran  right  along,  admitting  and  exhausting  the  air;  as 
the  alternate  transfer  of  the  air  pressure  to  each  side  of  the  fixed 
piston  caused  a  free  and  easv  to  and  fro  motion  of  the  cvlind- 
er,  back  and  forth  on  the  board,  the  pick  was  quickly  set  free 
without  kick  or  danger  to  the  runner.  The  point  is  that  both 
the  Harrison  and  Sergeant  valves  were  free  to  reverse  without 
full  or  violent  travel  of  the  machine  when  stuck.  The  distri¬ 
bution  of  air  was  such  that  this  machine  proved  itself  very 
efficient,  and  was  in  its  day  considered  a  very  superior  coalcut¬ 
ter.  There  was  a  great  advantage  in  low  cost  of  keeping  up 
the  valve  mechanism,  and  after  several  years  of  experience 
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with  many  different  valve  motions,  this  device  made  its  record 
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and  proved  to  l>e  the  idea  for  a  machine  which  must  so  often 
he  used  under  cramped  and  adverse  conditions. 

The  rock  drill  had  been  brought  to  a  high  state  of  per¬ 
fection  previous  to  this,  t ho  original  coal  cutters  being  a  mod¬ 
ification  of  the  principles  of  the  rock  drill;  in  fact,  the  early 
coal  mining  machine  was  often  referred  to  as  “A  rock  drill 
on  wheels."  In  drilling  rock  under  a  much  greater  variety 
of  conditions  than  obtains  in  coal  mining  the  question  of  valve 
motion  was  necessarily  worked  out  thoroughly,  and  two  gener- 
al  types  alone  have  survived  to  this  day,  viz.,  the  independent 
valve  motion,  where  there  is  no  mechanical  connection  with  the 
piston,  the  valves  being  controlled  by  a  peculiarity  of  size  and 
arrangement  of  ports,  either  independent  of  the  location 
of  the  piston  in  the  cylinder,  or  operating  in  harmony 
with  it.  The  other  ,  type  has  been  called  the  Tappet  type  in 
relation  to  the  rock  drill,  but,  considered  mechanically,  is  a 
positive  valve,  always  keeping  in  certain  tixed  positions  in  re¬ 
lation  to  the  piston;  being  operated  by  a  mechanical  contact 
with  the  piston. 


The  Sullivan  Mining  Machine. 
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Fig.  3  represents  the  Sullivan  coal  mining  machine.  This 
machine  has  a  differential  valve  plunger  which  is  kept  tight 
with  cup  leather  packing,  washers,  holts,  etc.,  and  moves  by  air 
pressure  under  control  of  an  auxiliary  valve,  which  in  turn  is 
dependent  for  its  movement  upon  a  rifle  bar,  shown  in  end  sec¬ 
tion  in  the  enlarged  view  of  the  back  head.  Air  cushions 
protect  both  cylinder  heads,  and  a  device  has  been  attached  to 
this  machine  to  vary  the  point  of  cut-off  where  it  is  considered 
advantageous.  A  babbitted  bushing  takes  the  wear  in  the 
front  head,  and  prevents  the  piston  from  twisting.  The  trun¬ 
nions,  or  hubs,  are  rigid  or  non-ad  justable. 

In  189b  this  mining  machine  was  placed  on  the  market  by 
the  makers,  who  sold  seven  the  first  year,  thus  coming  actively 
into  the  field  three  or  four  years  ago.  Kadical  departures 
were  incorporated  in  this  machine.  The  cylinder  was  made 
considerably  larger  than  previous  practice,  giving  greater 
power.  Air  cushions,  such  as  were  used  in  trip  hammers,  in 
rock  drills,  and  in  the  Yough  and  other  obsolete  coal  machines, 
were  reintroduced,  doing  entirely  away  with  the  minor  parts 
of  leather,  steel  plates,  rubber  buffers,  etc.,  inside  the  cylinder 
which  were  always  a  source  of  expense,  annoyance  and  derange¬ 
ment  when  broken  or  worn.  The  workmanship  and  material 
were  excellent,  and  the  machine  was  a  leader  for  a  time,  and 
aroused  considerable  interest,  comment,  investigation  and  trial; 
the  success  and  popularity  this  machine  achieved  were  unquali¬ 
fied  and  complete. 

The  valve  motion,  of  which  we  have  already  made  ment  on, 
required  that  the  piston  be  bored  at  the  back  end  to  a  depth 
of  some  22  inches,  and  fitted  with  a  brass  nut,  which  was 
rifled,  to  take  this  slender  rifle  bar.  The  reciprocating  motion 
oi  the  piston  in  the  cylinder  giving  a  backward  and  forward 
twist  to  the  rifle  bar,  which,  through  a  pinion  and  rack  at  its 
outer  end,  transmitted  motion  to  the  auxiliary  valve  which  is 
placed  on  the  back  head,  as  shown.  This  auxiliary  movement 
controls  the  movement  of  the  main  valve  plunger,  which  has 
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connection  with,  and  controls  the  main  valve,  which  in  turn 
admits  and  exhausts  the  air  to  throw  the  piston  backward  and 
forward — a  triangular  arrangement,  each  group  of  parts  de¬ 
pen  ling  upon  the  others  for  its  fixed  movement  and  position. 
Various  changes  in  detail  were  introduced,  the  general  outward 
appearance  being,  however,  similar  to  its  predecessors.  Econ¬ 
omy  of  air  was  sought  and  hoped  for  to  an  extent  not  entirely 

• 

borne  out  by  experience,  because  when  the  cut-off  lever  was  ad¬ 
justed  for  early  cut-off  and  expansion  in  the  interest  of  economy 
in  air  consumption,  the  blow  delivered  by  it  was  ineffective  in 
comparison,  and  therefore  the  device  is  not  used  in  practice  to 
the  extent  originally  expected. 

The  introduction  of  the  machines  whose  cushioning  in  both 
ends  of  the  cylinder  depended  entirely  on  air  pockets  without 
the  use  of  leather  cushions,  fillers,  etc.,  brought  with  it  a  great¬ 
er  difficulty  than  was  expected  by  the  makers,  and  forced  the  use 
of  a  governing  device  by  which  the  speed  of  the  machine  could 
be  adjusted,  regulated,  and  held  under  control  at  all  times  and 
under  all  conditions.  In  the  operation  of  the  Iron  Man  it  is 
necessary  at  frequent  intervals  to  swing  the  machine  away  from 
the  coal,  in  order  to  draw  it  back  upon  the  working  platform 
as  the  cut  advances  forward,  and  from  left  to  right;  and  at  such 
times  it  was  discovered  that  without  a  governing  device  the 
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machine  would  race,  or  run  away,  and  become  untrovernable  in 
a  measure,  so  that  it  was  necessary  to  use  a  i^overninir  device  to 
prevent  this  racing  as  much  as  possible.  The  device  used  for 
this  purpose  in  this  machine  is  very  clever  and  ingenious,  a  small 
needle  hole  or  port  being  drilled  through  the  small  main  check 
valve,  which  is  located  at  the  front  end  of  the  cylinder,  the  port 
being  drilled  from  the  side  of  the  valve,  then  straight  up  at  the 
right  angles  through  the  valve  stem,  providing  communication 
or  connection  between  the  cushioning  pressure  and  the  chamber 
above  the  main  check  valve.  When  the  pick  misses  the  coal, 
the  piston  cushions  in  the  front  end  of  the  cylinder  recompress 
the  air  that  has  been  trapped  in  the  pocket;  the  compression  will 
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be  much  higher  limn  the  line,  or  chest  pressure.  This  high 
pressure — 200  to  300  lbs. — is  transmitted  through  this  small 
port  through  the  main  check  valve  into  the  chamber  above,  and 
holds  it  fast  upon  its  seat,  which  prevents  a  fresh  supply  of  live 
air  from  coming  through  this  valve,  and  tends  to  retard  the  back- 
ward  movement  of  the  piston  rod.  This  check  valve  is  equipped 
with  leather  packing  in  order  to  prevent  leakage,  but  apparently 
these  leather  packings  become  leaky  in  a  comparatively  short 
time,  and  there  is  more  or  less  difficulty  with  the  device  with 
wear.  There  is  also  more  or  less  danger  of  this  small  needle 
hole  being  stopped  up  with  pipe  line  dirt,  rendering  the  device 
inoperative.  There  is  no  doubt,  however,  that  this  machine  is 
superior  in  many  features  to  its  predecessors;  its  capacity  is 
higher,  it  is  easily  manipulated,  it  is  accurately  built  of  excel¬ 
lent  material  and  promises  to  be  economical  in  repairs;  it  is  not 
wasteful  in  its  consumption  of  air,  and  being  pushed  with  the 
vigor  and  energy  that  characterize  the  makers,  still  further 
established  the  merits  of  machine  mining,  and  that  of  the  pick 
machine. 

The  success  of  this  type  of  cutter  naturally  affected  the 
business  of  the  older  companies,  and  the  Ingersoll-Sergeant  Co. 
determined  at  once  to  redesign  their  coal  cutter,  which  had  had 
a  long*  and  honorable  career,  but  which  was  destined  to  under- 
go  revolutionary  and  important  changes.  Peculiar  advantages 
claimed  for  the  mechanical  valve  drive  corresponding  to  the 
Tappet  feature  in  rock  drills  were  urged  by  the  original  makers. 
It  was  known  from  30  years,  experience  in  rock  drilling  that  the 
independent  valve  motion  was  the  best  in  percussive  machines 
for  all  around  work,  vet  it  was  recognized  that  the  results 
secured  from  the  rifle  bar  type  of  machine  were  good,  though 
largely  through  the  use  of  more  powerful  cylinders  and  aircush- 
ions,  and  that  the  rifle  bar  idea  might  be  taken  up,  developed  and 
improved  to  a  point  which  would  give  good  all  around  results 
in  coal  mining.  That  these  expectations  were  not  realized  in  the 
fullest  sense  has  been  proved  finally  and  beyond  contradiction. 
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I ngersol  1-Sergeant  H.  &  H.—  1. 


Fia.  4  is  a  line  drawing  of  the  II.  <Sc  II. — 1  Ingerso’l-Ser- 
ofeant  rifle  bar  coal-mining  machine,  there  being  no  difference 
in  the  two  except  that  the  first  mentioned  undercuts  from  41 
to  5  ft.  deep,  the  latter  being  capable  of  undercutting  from  t» 
to  04  ft.  deep.  It  has  a  single  plunger  valve  with  perfect  air 
cushions  in  both  ends  of  the  cylinder  and  with  other  features 
common  to  the  rifle  bar  type  of  machine,  and  having  a  cyl¬ 
inder  of  larger  diameter  than  the  previous  practice.  Phis 
machine  was  built  in  1S98  for  the  purpose  of  developing  the 
rifle  bar  idea  to  its  fullest  possible  extent.  Its  increased  ca¬ 
pacity  by  reason  of  the  larger  cylinder  was  apparent  and  undis¬ 
puted.  It  was  found  that  il  was  possible  to  so  arrange  the  valve 
motion  as  to  naturally  cut  off  at  the  earliest  part  of  the  stroke 
consistent  with  the  desired  force  of  the  blow,  with  the  available 
air  pressure,  adapting  itself  without  lever  adjustment  naturally 
to  the  changes  in  pressure  from  high  to  low.  It  was  as  eco- 
monical  in  air  consumption  as  any  other,  ran  well  on  low  or  high 
pressure  and  promised  to  be  as  economical  in  repairs  a>  could 
be  realized  with  any  machine  of  the  rifle  bar  type.  Notwith¬ 
standing  the  complications  inseparable  from  this  construction, 
it  did  excellent  work,  made  many  friends  and  partisans,  and 
opened  the  way  to  new  discovery  and  invention  which  was  so 
soon  to  take  an  important  place  in  the  history  of  coal  mining. 
It  was  at  first  without  a  governing  device,  so  that  an  improved 
governor  was  designed,  which  I  will  describe  in  another  part  of 
this  paper.  The  machine  was  capable  of  delivering  from  200  to 
240  blows  per  minute,  and  holds  records  of  very  fast  work. 
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The  Ingersoll-Sergeant  Co.  put  out  quite  a  number  of  these 
machines  in  different  parts  of  the  country,  which  gave  them  a 
very  wide  Held  for  observation  under  varying  conditions,  and 
while  these  machines  were  put  out  in  perfect  good  faith,  and 
after  tests  by  purchasers,  proving  that  they  were  equal  to  any 
machine  of  a  similar  construction  then  built,  yet  further  ex¬ 
perience  showed  the  fact  that  no  rifle  bar  machine  could  ever 
be  made  as  good  an  all  around  machine,  and  one  that  would  be 
as  permanently  satisfactory  to  the  mine  owner  and  to  the  men 
who  had  to  use  them,  as  the  independent  valve  construction.  It 
was  proved  that  it  was  not  adapted  to  all  kinds  of  coal,  nor  to 
wet  air;  that  the  repairs  on  the  valve  mechanism  were  high  as 
compared  with  the  independent  valve,  because  there  was  a 
multiplicity  of  parts  in  the  rifle  bar  type,  all  of  which  were 
subject  to  continued  and  destructive  wear  and  breakage,  which 
was  a  series  source  of  weakness,  as  this  accumulated  lost  motion, 
resulting  from  wear,  must  inevitably  disarrange  the  travel  of 
the  auxiliary  valve,  and  affect  the  whole  operations  unfavorably. 
One  of  the  objections  to  this  type  of  valve  gear  which  was  of¬ 
fered  by  the  men  who  had  to  use  them,  was  that  of  the  machine 
kicking  backward  on  the  running  board  on  starting,  or  if  the 
machine  pick  was  driven  so  deeply  into  the  coal  as  to  cause  it 
to  hang  or  stick.  This  irregular,  or  spasmodic,  action  was  due 
to  the  fact  that  the  valve  plunger  could  not  reverse,  because  of 
its  mechanical  connection  and  relationship  with  the  piston,  until 
the  latter  had  traveled  its  fixed  distance  in  the  cylinder,  and  the 
piston  having  thus  been  made  temporarily  rigid  or  stationary 
by  the  pick  striking  in  the  coal,  the  cylinder  was  thus  made  to 
effect  the  full  travel  on  the  running  board,  and  the  machine  be- 
came  the  moving  object  instead  of  the  piston.  This  made  a  very 
awkward  movement,  the  full  travel  representing  some  12  or  11- 
inches  back  and  forth,  and  introducing  an  element  of  danger  bv 
this  sudden  change  of  action,  in  that  the  machine  was  liable  to 
kick  its  full  travel  with  great  force,  jerk  the  pick  out  of  the 
coal,  and  possibly  crush  the  runner  up  against  a  mine  prop  and 
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seriously  in j me  him.  This  feature  was  especially  dangerous  in 
thin  seams,  when  the  runner  is  cramped  in  the  small  space  left 
by  the  high  board,  and  severe  on  the  runner's  hands  if  cutting 
close  to  a  rib. 

This  Company  probably  spent  more  money  in  the  develop¬ 
ment  and  perfection  of  the  ri He  bar  type  of  machine  than  any 
other,  gradually  reaching  the  ultimate  perfection  of  that  type; 
but,  recognizing  the  weak  points  as  described,  they  were  induced 
to  reopen  the  independent  valve  drive  construction  with  larger 
cvlinders  and  with  air  cushions,  looking  towards  the  final 
simplification  and  perfection  of  the  pick  machine,  with  results 
which  I  consider  must  be  very  gratifying  to  them  as  well  as  to 
the  coal  owner,  and  also  to  the  men  who  have  to  handle  these 
machines  for  a  livelihood. 


The  New  Ingersoll  F-4,  H-4,  ami  H-5. 


Fig.  5  represents  the  “New  Ingersoll’"  mining  machine 
F-4,  H-4,  and  II-5  series,  the  difference  between  the  mbeing 
that  the  H-4  undercuts  to  a  depth  of  4  to  5  ft.,  and  the  H-5 
undercuts  from  0  to  64  ft.  deep.  The  F-4  is  the  same 
throughout  as  the  1 1 -4,  but  is  a  light  pattern  for  thin  seams, 
weighing  but  550  lbs.,  and  undercutting  5  ft.  deep.  The  latest 
model  of  wheel  is  not  here  shown;  it  is  now  made  slight! v 
thicker  in  the  rim  and  hub  than  the  early  patterns  of  wheel, 
and  are  spread  further  apart  for  the  purpose  of  absorbing  the 
recoil,  jar  and  side  glance.  The  trunnions  are  of  tin*  adjustable 
pattern  for  perfect  balance,  as  described  in  another  part  of  this 
paper.  A  new  unbreakable  bronze  bushing,  to  take  the  wear 
in  the  front  head,  is  shown;  an  automatic  governing  device  is 


shown  in  top  and  front  end  of  the  valve  chest.  The  independ¬ 
ent  valve  motion  is  a  modification  of  and  an  improvement 
over  the  arrangement  which  gave  such  valuable  results  in  the 
earlier  G-2  machine.  The  port  arrangement  is  such  that  both 
cylinder  heads  are  protected  by  air  pockets,  and  this  air  pock¬ 
et  or  cushion,  while  it  is  elective  under  all  conditions,  is  se¬ 
cured  with  moderate  compression  of  exhaust  air,  which  reduces 
clearance  loss  and  the  strain  on  the  machine  and  the  man 
who  runs  it.  The  thumbscrew,  regulating  adjustment  as  form¬ 
erly  used,  serves  to  regulate  the  speed  of  the  valve  movement, 
a  detail  cut  of  which  is  here  reproduced  in  order  to  give  a  mere 
comprehensive  idea  of  its  simplicity. 


Fig.  G.  Valve  Motion  of  the  F— 4,  H — 4,  and  II — 5  New  Ingersoll. 


The  valve  seat  or  plate  is  shown  separate  from  the  valve 
chest:  two  plates  have  been  photographed,  so  that  the  port  ar¬ 
rangement  on  both  sides  mav  be  seen.  The  “IV’  valves  are  a 
free  sliding  tit  in  the  plungers,  so  that  their  wear  may  be 
followed  up  by  the  air  pressure  on  top  of  them.  They  are 
tongued  and  grooved,  and  the  plungers  are  doweled;  the  plates 
are  drilled  off  center,  so  that  they  can  only  be  put  together 
right.  The  automatic  throttle  governor  is  an  interesting 
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feature  belonging  to  this  machine.  It  is  a  small  balance  plug 
valve  located  in  the  top  and  front  end  of  the  air  chest,  its  front 
end  having  a  port  connection  with  the  air  cushion  in  the  front 
end  of  the  main  cylinder.  The  throttle  and  governor  are  so 
located  that  the  air  passes  through  this  governing  valve  on  its 
wax  to  the  air  chest.  Should  it  become  necessarv  to  swing  the 
pick  away  from  the  coal  for  any  purpose,  the  piston  of  the 
machine  when  working  up  against  the  air  cushion  in  the  front 
end  of  the  cylinder  builds  up  a  pressure  somewhat  higher  than 
the  line  pressure,  and  this  higher  pressure  is  transmitted  through 
this  port  to  the  front  end  of  the  governing  valve,  which  shoots 
it  over  the  supply  port  and  against  the  line  pressure,  cutting 
down  the  supply  of  air  to  a  point  where  the  machine  will  run 
lightly  and  at  a  reduced  speed  and  force  until  such  time  as  the 
pick  is  again  thrown  against  the  coal,  at  which  time  the  valve 
automatically  opens  instantly  and  the  machine  is  brought  into 
instantaneous  action  with  full  pressure  and  force,  without  any 
annoyance  or  inconvenience,  and  introducing  an  element  of 
safety  and  confidence  for  new  men  learning  the  work.  Expe¬ 
rienced  men  who  swing  the  machine  or  the  pick  away  from  the 
coal  less  frequently,  can  throw  this  governor  out  of  gear  so 
that  it  becomes  inoperative  if  they  so  desire.  The  valve  i>  un¬ 
breakable  and  there  is  no  “racing"  with  or  without  the  gov- 
ernor,  the  speed  being  as  regular  and  steady  as  a  steam  engine, 
whether  being  operated  easily  or  full  force. 

The  view  of  the  “New  Ingersoll"  valve  motion  shows  a 
most  curiously  simple  arrangement.  Both  sides  of  the  valve 
seat  or  plates  are  shown,  also  the  two  plungers  side  by  side, 
with  their  loo»e  “D"  valve.  These  plungers  are  hollow,  and 
hence  light:  they  are  perfectly  balanced,  and  the  wear  on  them 
is  very  slight.  The  earlier  type  of  valve  gear  similar  to  this 
ran  for  years  without  repairs.  One  of  these  valves  is  simply 
the  auxiliary  valve,  or  trigger,  to  the  other  plunger,  and  it  will 
be  seen  that  their  movements  are  controlled  by  permanent  ar¬ 
rangement  of  ports,  admitting  and  exhausting  pressure  alter- 
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nately  on  both  ends  of  the  piston.  This  arrangement  of  ports 
and  valves  makes  it  an  independent  movement;  and  the  piston 
could  be  blocked  in  the  cylinder  at  part  travel,  with  the  result 
that  the  valves  would  run  on  continuousl v,  admitting  and  ex- 
hausting  in  the  same  manner  as  if  the  piston  were  moving  in 
harmony  with  it.  Xo  amount  of  wear  in  any  other  part  of  the 
machine  can  affect  the  valve  movement,  and  no  amount  of  wear 
in  the  valve  mechanism  can  affect  the  action  of  any  other  part 
of  the  machine. 

This  last  mentioned  machine  has  perhaps  been  subject  to 
more  discussion  on  the  part  of  coal  mining  operators  and  others 
than  any  other  machine  ever  placed  on  the  market.  It  is  the 
simplest  construction  imaginable,  the  two  plunger  valves  and 
the  piston  being  practically  all  the  moving  parts,  and  these 
being  free  from  strains  or  wear  other  than  that  naturally  fol¬ 
lowing  very  long  use.  The  parts  which  experience  shows  to 
be  subject  to  wear  and  breakage  are  simply  discarded  and  left 
out  altogether,  and  it  was  not  until  it  had  been  put  to  the 
most  severe  tests  in  various  mines  throughout  the  country  that 
people  recognized  this  as  being  well  past  the  experimental 
stage,  and  standing  as  a  new  creation,  containing  improvements 
of  the  highest  value.  To  insure  the  slowest  possible  wear  and 
minimum  breakage  under  the  roughest  usage,  the  qualities  of 
the  metals  have  been  carried  to  the  highest  point  of  endurance- 
charcoal  iron  chests  and  cylinders  of  a  toughness  exceeding 
rigid  government  specifications;  steel  and  malleable  castings; 
tool  steel  pistons  and  other  forgings  toughened  by  a  new  oil 
treatment,  raising  their  tensile  strength  to  about  135,000  lbs. 
per  square  inch  section,  with  an  elongation  before  breakage 
under  test  nearly  double  that  of  metals  no  so  treated.  These 
have  resulted  in  practically  an  entire  absence  of  repairs  for 

over  200  machines  in  the  last  year. 

«/ 

And  so  it  is  that  competition  drives  us  all  from  one  im¬ 
provement  to  another,  each  one  bringing  out  something  new 
from  time  to  time,  and  bringing  his  machine  to  the  highest 
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standard  of  value,  and  making  it  a  more  profitable  investment 
for  the  coal  mining  operator.  It  seems  now  that  it  is  only 
a  question  of  time  when  these  machines  will  be  applied  in  even- 
district,  and  to  every  important  and  successful  coal  mining 
operation  in  the  country. 

DISCUSSION. 


Mr.  Fisher — I  am  sure  you  will  agree  with  me  that  we 
have  listened  to  a  most  interesting  paper.  The  wording  is 
beautiful  in  its  style,  and  the  descriptions  of  the  machines 
are  so  clear  that  you  can  almost  understand  their  construction 
without  looking  at  the  illustrations.  I  am  sure  it  will  open  up 
a  wide  held  for  discussion.  Perhaps  Mr.  Dixon  can  give  us 
some  further  information. 

Mr.  Dixon — I  cannot  give  more  than  is  given  here.  I 

o  o 

have  the  very  essence  of  Mr.  Daft's  knowledge  of  these  mat¬ 


ters  here. 

Mr.  Fisher — A  paper  of  this  kind  is  very  valuable  in  the 
Proceedings  of  this  Society.  Jt  seems  to  cover  the  whole  held. 
I  hope  we  will  have  more  papers  of  this  kind. 

Mr.  Ridinger — I  would  like  to  ask  how  long  it  would 
take  to  make  a  cut  3  feet  wide  and  5  feet  deep. 

Mr.  Dixon — Of  course,  that  depends  on  the  hardness  or 
softness  of  the  coal,  and  it  depends  upon  the  man  operating 
the  machine  a  great  deal.  In  making  a  cut  with  this  machine 
they  usually  make  a  cut  about  5  feet  wide  and  from  5  to  6  feet 
deep.  Now,  I  had  a  man  at  the  North  Jericho  mine,  in  Ken¬ 
tucky,  about  a  month  ago  who  cut  21 1  lineal  feet,  4^  feet  deep, 
in  eight  hours  and  twenty  minutes.  He  cut  one  room  60  feet 

wide  in  one  hour  and  thirty-five  minutes.  I  remember  well 

*/ 

because  1  bet  him  a  box  of  cigars,  and  he  cut  it  in  one  hour  and 

thirty-five  minutes.  That  is  hard  coal.  'The  same  man  at  a 
«/ 

mine  in  West  Virginia  cut  265  lineal  feet,  live  feet  deep,  in 
nine  hours.  Of  course,  this  was  done  by  a  man  who  was  a 
horonghlv  skilled  cutter,  and  does  not  represent  the  average 
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work.  There  are  a  great  many  men  who  can  do  that,  however, 

C*  t/  7 

but  J  should  say  the  average  work  would  be  about  half  of 
that.  If  vou  would  take  coal  of  average  hardness,  100  feet, 
5  feet  deep,  would  be  a  fair  day’s  work.  Of  course,  the  ton¬ 
nage  m  that  would  depend  upon  the  height  of  vour  coal. 

A  Member — I  would  like  to  ask  if  this  is  applicable  in 
other  kinds  of  mining,  in  cutting  quartz  and  hard  slate  ? 

Mr.  Dixon — The  machine  can  be  used  in  cutting  tire  clay 
of  medium  hardness,  but  not  for  quartz,  sand-stone  or  hard 
rock  of  any  kind.  The  Ingersoll-Sergeant  rock-drills  have  a 
record  of  75  feet  in  ten  hours,  but,  of  course,  when  it  comes  to 
undermining  rock  of  that  kind,  it  is  simply  impossible.  There 
has  never  been  a  machine  made  that  would  do  it. 

Mr.  Kidinger — What  is  the  height  of  the  undercut? 

Mr.  Dixon — The  undercut  would  represent  an  average 
cut  of  seven  inches,  if  it  was  made  uniform.  It  tapers  back 
from  the  front.  In  undercutting  the  coal  is  not  made  all  slack. 
A  skilled  cutter  could  make  about  one-half  lump  and  one-half 
slack.  None  of  it  is  made  quite  as  fine  slack  as  that  from 
other  types  of  machines. 

A  Member — In  giving  a  mine  a  lineal  cut  of  a  150  or  250 
feet,  is  there  a  way  to  move  the  machine  sideways  in  that  di- 
rection,  and  then  is  the  machine  operated  by  one  miner  and 
followed  up  by  others  who  break  down  the  coal  with  pick 
action  ? 

Mr.  Dixon — A  good  method  in  coal  mining  is  to  have  the 

rooms  20  to  25  feet  wide.  In  the  case  I  speak  of  all  the  rooms 

were  20  to  60  feet  wide.  The  machine  is  placed  on  a  board 

and  there  is  a  cut  put  in  5  feet  wide  and  5  or  6  feet  dee})  and 

as  soon  as  they  have  finished,  the  machine  is  moved  across  and 

that  is  blasted  down.  Where  the  room  is  20  feet  wide  a  shot 

in  each  rib  will  break  down  the  coal.  That  is  nearly  always 

«/ 

done  by  the  men  who  load  the  coal.  The  work  is  generally 
done  by  so  much  for  undermining  and  so  much  per  ton  for 
shooting  it  down  and  loading  it. 


DISCUSSION. 


Mk.  Ridinger — Would  there  be  any  way  of  figuring  tin* 
horse-power  required  to  make  a  cut  ( 

Mr.  Dixon — Yes,  the  machine  will  use  from  «>0  to  75 
cubic  feet  of  air  per  minute. 

A  Member — How  much  air  pressure  do  you  carry' 

Mr.  Dixon — The  usual  pressure  is  about  SO  pounds.  The 
machines  run  very  well  with  65  or  70  pound  pressure.  With 
the  Ingersoll-Sergeant  machines  it  is  not  necessary  to  have  more 
than  70  pounds. 

A  Member — How  far  can  you  carry  the  air' 

Mr.  Dixon — With  proper  piping,  1  know  of  places  where 

thev  carrv  it  4  miles.  In  tunnel  work  there  are  cases  on  record 
*/  » 

where  they  carry  it  much  farther. 

A  Member — Do  they  have  large  pipes  ' 

Mr.  Dixon — The  larger  your  pipe  is,  the  more  economical¬ 
ly  you  can  carry  the  air. 

A  Member — Do  you  ever  have  any  trouble  with  free/- 

in s  ? 

c 

Mr.  Dixon — The  air  comes  from  the  compressor  into  the 
reservoir  which  takes  out  a  irreat  deal  of  the  moisture  and  in- 
side  of  the  mine  is  another  reservoir  and  that  takes  out  the 
moisture  which  is  left  behind.  The  air  is  comparatively  dry 
when  it  <joes  into  the  machine.  The  warmer  it  is  the  more 
efficient  it  is.  I  visited  the  Cambria  Mines  at  Johnstown  and 
I  found  them  running  13  machines  with  a  three  inch  pipe  three 
miles  away  from  the  compressor.  They  had  less  trouble  that 
far  away  from  the  compressor  than  they  had  close  to  it. 

A  Member — I  understand  that  the  walls  of  those  rooms 
consist  of  pillars  of  coal  ' 

Mr.  Dixon — Yes,  columns  must  be  left  in  or  the  roof 
would  come  down. 

A  Member — AY  hat  kind  of  a  tool  do  you  use  ' 

Mr.  Dixon — The  pick  is  simply  a  shaft  that  works  out 
and  in  on  a  piston  and  strikes  the  coal.  Of  course,  the  amount 
of  work  done  depends  upon  the  man  behind  the  machine. 
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A  Member — Is  that  shaft  ground  hard  steel ' 

Mr.  Dixon — Just  ordinary  iron  like  a  miner’s  pick. 

A  Member — Does  that  machine  make  much  dust  in  the 
mine  ? 

Mr.  Dixon — Of  course,  it  makes  some  dust  where  it  is 
perfectly  dry  but  it  does  not  make  nearly  as  much  dust  as  any 
other  type  of  machine. 

A  Member — You  spoke  of  making  a  cut  5  feet  wide. 

Mr.  Dixon — The  end  of  the  machine  can  be  sprung  in  any 
direction.  It  moves  freely  and  a  man  can  move  the  machine 
any  way  he  pleases.  The  end  of  the  machine  can  be  sprung 
backward  and  forward.  A  cut  about  14  inches  high  in  front 
tapers  down.  It  is  V  shaped. 

Mr.  Fisher — When  you  go  to  cut  out  a  room,  how  do 
you  start  your  first  cut  ( 

Mr.  Dixon — You  would  do  that  just  the  same  as  though 
you  were  mining  on  this  wall  here.  Kun  the  cut  right  along 
on  the  bottom  and  at  the  extremity  of  the  cut  on  each  side  there 
is  a  hole  drilled  in  and  a  cartridge  of  powder  put  in. 

A  Member — Has  any  attempt  been  made  to  apply  electric 
power  to  the  drill  ( 

Mr.  Dixon — Yes,  but  so  far  it  has  been  unsuccessful. 
The  difficulty  is  in  applying  the  power. 

Mr.  Hirsch — Do  you  imagine  that  the  difficulty  is  due  to 
a  mechanical  defect  in  the  design  ? 

Mr.  Dixon — Well,  it  may  be.  I  am  not  sufficiently  ac- 
quainted  with  it  myself,  but  I  know  that  the  makers  have 
been  working  a  long  time  trying  to  make  an  electric  drill.  Of 
course,  I  do  not  really  know  enough  about  it  to  make  any 
definite  statement  as  to  whether  it  ever  will  or  will  not  be 
successful. 

A  Member — I  have  heard  it  said  that  the  air  exhausting 

«  3 

into  the  mine  purities  the  atmosphere  in  the  mine  itself.  Is 
that  worth  counting  on  ? 
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Mr.  Dixon — 1  don't  think  that  is  worth  counting  on.  If 
a  man  tires  a  shot  he  can  turn  on  the  air  and  blow  the  smoke 
away.  Of  course,  the  air  is  perfectly  pure  and  perfectly  cool 
so  that  it  helps  in  tight  places  considerably. 

A  Member— Has  there  ever  been  anything  made  in  the 
the  wav  of  a  rotary  cutter  for  use  in  mining  ' 

Mr.  Dixon — Yes,  there  is  a  rotary  power  machine.  It 
was  fairly  successful  while  they  used  it,  but  it  is  obsolete  now. 

Mr.  Ridinger — I  had  quite  an  experience  last  week. 
There  are  a  number  of  capitalists  interested  in  a  new  mining 
machine.  The  mining  machine  is  made  with  two  Hat  discs  on 
the  head  of  a  carriage  that  runs  in  and  out  and  these  discs 
rotate  out  from  the  center.  On  the  circumference  of  the  discs 
there  are  bits  screwed  in  and  also  along  the  top  and  bottom 
there  are  bits.  The  average  power  required  while  making  a 
cut  3  feet  wide,  -1.5  feet  deep,  and  9  inches  high  was  approxi¬ 
mately  13  h.  p.,  and  the  time  3  minutes. 

A  Member — What  was  the  height  of  the  undercut 
Mr.  Ridinger — Seven  inches.  The  carriage  was  three 
feet  wide.  Another  thing,  it  does  not  appear  to  make  such 
tine  slack  but  it  takes  it  otf  in  little  pieces,  some  of  them  as 
large  as  a  walnut.  Of  course,  they  had  to  have  a  bov  to 

shovel  the  coal  away. 

*/ 

Mr.  Dixon — What  is  the  name  of  that  machine 
Mr.  Ridinger — It  has  no  name.  It  was  tried  a  number 
years  ago.  It  did  not  have  any  wav  to  carry  the  coal  cuttings 
away  from  the  end  of  the  cutters  and  they  disbanded  it  and 
had  it  stored  until  some  expert  machinist  got  them  to  take  it 
up  again 

A  Member — Mr.  Dixon,  can  vou  say  about  what  the 
temperature  would  be  in  those  English  mines  ' 

Mr.  Dixon — The  men  work  in  their  shoes  and  breech 
clothes.  It  is  very  warm  ;  I  should  say  about  80  or  8T>.  In 
order  to  get  the  air  down  to  them  they  have  to  use  all  kinds 

i  ft/ 

of  methods.  That  mine  is  very  deep  under  ground  and  a  part 


of  it  is  under  the  German  ( )cean.  Fans  take  the  places  of 
other  methods  of  ventilation  very  largely. 

Mr.  Schleuderberg — Mr.  Kidinger,  with  the  machine 
you  spoke  of,  did  you  strike  any  sulphur  balls  ? 

M  r.  Kidinger — No.  The  owners  say,  however,  that  they 
have  struck  sulphur  balls  but  it  appeared  to  wade  through  them 
just  as  though  it  were  soft  coal. 

Mr.  Schleuderberg — The  machine  that  will  cut  through 

O 

sulphur  balls  is  yet  to  be  found. 
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Mr.  Kidinger — What  is  the  average  cost  of  power 
required  to  make  a  cut  3  feet  wide  and  5  feet  deep,  with  the 
pick  machine  in  average  grade  of  coal  i 

Mr.  Daft — The  accompanying  table  is  the  result  of  one 
dav's  work  with  an  Ingersoll  machine  in  an  8  ft.  seam,  and 
where  the  coal  was  very  tough.  We  see  that  one  machine 
produced  855  square  feet  in  eight  hours  and  forty  minutes,  or  an 
average  of  1.61-1  sq.  ft.  per  minute.  On  the  basis  of  10 
machines  undercutting  8,000  sq.  ft.  per  shift  in  8  ft.  coal,  we 
then  have  8,000  divided  into  the  daily  operating  expenses, 
which  in  this  case  would  be  $17.50  per  day,  or  Iq  of  a  cent 
per  sq.  ft 

OFFICIAL  REPORT. 


Star  Junction,  Pa.,  May  23,  1900. 

Report  of  contest  between  Ingersoll  Mining  Machine,  run 
by  Fred.  Woodward,  and  Sullivan  Mining  Machine,  run  by 
Al.  Spray,  resulting  in  a  victory  for  the  Ingersoll  Mining- 
Machine.  Contest  made  by  the  Washington  Coal  &  Coke  Co., 
at  their  works  at  Star  Junction,  Pa. 
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F.  Woodward  cut  May  4,  1900,  9|  rooms  in  8  hours,  40  min.,  as  follows  : 


Room  No. 

CONDITION  OF 

ROOM. 

Minutes  cutting 
1st  i»r  ard. 

Time  moving 

board. 

Minutes  cutt  ng 
2d  board. 

to 

c 

>  • 

£  H 
S  « 
* 

I'H 

C  CC 
cza  5 

5  CC 

3 

Moving  to  and  eel 
ting  in  next  room. 

Depth  of  cut. 

Width  of  room 
or  lineal  feet. 

Square  ft.  in  cut. 

1 -t 

*1* 

— • 

2s 

- 

Sg 

Z  2f 

=3  3 
_ 
o 

H 

56 

Good  Face  and  Bottom 

10 

9 

Ad 

9 

8 

5.66 

10.25 

58 

21 

57 

<  i  it  a  a 

16 

o 

14 

2 

10 

10 

5.25 

16 

84 

44 

58 

Horseback, 

lti 

O 

o 

16- 

3 

13 

11 

5.5 

16 

88 

51 

60 

Good  Face  and  Bottom 

it; 

2 

15 

2 

14 

1  1 

5.33 

17 

90.6 

49 

61 

44  44  44  »4 

15 

1 

13 

1 

11 

9 

5  5 

17 

93.5 

41 

62 

“  Supper,  30  Min. 

14 

1 

13 

9 

id 

12 

8 

5.33 

16.5 

87.9 

42 

63 

“  Face  and  Bottom 

IS 

2 

14 

9 

12 

13 

5  33 

16.5 

87  9 

48 

65 

44  44  (4  44 

15 

1 

14 

1 

11 

9 

5. 25 

16.5 

86.6 

42 

66 

44  44  44  44 

11 

2 

13 

2 

12 

10 

5.33 

17 

90  6 

40 

67 

44  44  44  44 

20 

2 

15 

2 

14 

5.5 

16 

88 

53 

Total  time  cutting  room,  8  hours 

,  40  min. 

158.75 

855.1 

The  move  from  room  to  room  being  about  500  feet. 

The  turnout  of  coal  being  about  340  tons  per  day.  Air  pressure,  80  lbs. 


Mr.  Ridinger — What  would  the  $17.50  include? 

Mr.  Daft — It  would  include  all  labor,  such  as  engineer, 
tiremen,  pipe  man,  blacksmith  work,  fuel,  oil,  and  waste, 
interest  (6%)  and  deterioration  (10%.) 

Mr.  Ridinger — What  is  the  percentage  of  loss  of  power 
in  transmission  of  air  from  the  compressor  to  pick  machine, 
pick  machine  being  three  miles  away  from  the  compressor, 
there  being  six  machines  working  ? 

Mr.  Daft — Six  machines  three  miles  from  the  compres¬ 
sor  would  require  in  the  neighborhood  of  480  eu.  ft.  free  air 
per  minute.  If  this  amount  of  air  is  transmitted  through  a  4 
in.  line  at  100  lbs.  gauge  pressure,  the  loss  would  be  about 
15  per  cent. 

Mr.  Ridinger — IIow  long  a  time  does  it  take  to  change 
the  position  of  the  machine,  and  what  is  weight  of  same 

Mr.  Daft — By  referring  to  the  table  given,  it  will  be 
seen  that  the  time  of  moving  can  be  put  safely  at  one  to  three 
minutes  when  moving  from  one  cut  to  the  next,  and  from 
eight  to  thirteen  minutes  to  move  and  set  up  in  anotherroom. 
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The  machine  is  built  in  550  pound,  750  pound  and  830  pound 
sizes. 

M  r.  Ridinger — Referring  to  the  Star  Junction  case,  was 
this  a  contest  or  was  the  machine  working  under  normal  con¬ 
ditions  ? 

Mr.  Daft — It  was  a  contest  between  the  Ingersoll  and 
another  make  of  pick  machine. 

Mr.  Ridinger — How  long  a  time  does  it  take  after  plac¬ 
ing  the  machine  to  make  a  cut  3  ft.  wide  and  5  ft.  deep  ? 

Mr.  Daft — I  have  timed  an  Ingersoll-Sergeant  machine 
in  the  Pan  Handle  mine  of  the  Pittsburg  Coal  Company  many 
times  where  it  under-cut  TJ  ft.  wide  by  5  ft.  deep  in  six  and 
one-half  to  seven  minutes.  I  have  timed  it  in  softer  coals 
where  it  did  the  same  work  in  five  minutes. 

Mr.  Ridinger — Have  there  been  tests  made  in  that  mine 
with  other  types  of  machines  l 

Mr.  Daft — Yes,  thev  used  a  chain  machine  there  for  a 
long  time,  but  it  could  not  be  applied  to  the  same  advantage 
as  the  pick  type,  in  fact  the  prop  question  and  the  pillar  draw¬ 
ing  question  debarred  its  use  in  the  mines. 

Mr.  Ridinger — Do  you  have  any  trouble  with  the  metal 
parts,  in  the  valve  and  mechanism,  crystallizing  from  constant 
jarring  ? 

Mr.  Daft — No.  One  of  the  peculiar  features  of  this 
valve  is  that  it  seems  to  be  everlasting.  The  valve  plungers 
work  against  air  cushions  at  both  ends,  hence  there  is  no 
chance  for  crystallizations. 

Mr.  Daft — The  valve,  and  in  fact  all  others  parts  are 
put  through  a  new  process  of  oil  treatment  which  renders 
them  practically  unbreakable. 

Mr.  Fisher — I  think  we  are  very  much  indebted  to  Mr. 

«/ 

Daft  for  his  very  excellent  paper,  and  to  Mr.  Dixon,  who  has 
made  this  discussion  so  interesting  and  instructive. 

A  vote  of  thanks  was  tendered  Mr.  Daft  for  his  very 
valuable  paper,  and  to  Mr.  Dixon  for  the  information  and 
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very  interesting  evening  lie  had  given  the  members  of  the 
the  Society. 

Mr.  Fisher — Before  asking  for  a  motion  to  adjourn  I 
would  like  to  remind  the  members  of  what  Mr.  Wilson  has 
said  regarding  the  smoker.  I  think  each  of  us  might  person¬ 
ally  be  the  means  of  helping  Mr.  Wilson  by  telling  our  friends 
who  are  members  of  the  Society  that  we  want  more  contribu- 
tions  which  can  be  given  either  to  Mr.  Ridinger  or  Mr.  Wilson 
or  any  member  of  the  reception  committee,  and  I  hope  we  will 
be  able  to  have  a  smoker,  as  Mr.  Wilson’s  last  one  was  a 
decided  'success,  and  he  promises  something  better  in  the 
future,  so  that  I  think  we  all  ought  to  be  willing  to  contribute. 

j  O  O 

On  motion  the  Society  adjourned  at  10:20. 

Charles  W.  Ridinger, 

Secretary. 
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October  17th,  100  i. 

The  regular  monthly  meeting  of  the  Section  was  held  in 
the  rooms  of  the  Society.  Chairman  A.  G.  McKenna  pre¬ 
sided. 

The  minutes  of  the  last  meeting  were  read  and  approved. 

An  informal  discussion  on  recent  chemical  discoveries 
occupied  the  attention  of  the  Section  for  the  evening. 

The  meeting  adjourned  at  10  o’clock. 


A .  G  ross, 

Sec.  C.  S. 


WILLIAM  MILLER, 

THIRD  PRESIDENT  OF  THE  SOCIETY,  1884. 


I? 


HGiHEEFjS’  Society  ofWestef^n  Pennsylvania. 


THIS  SOCIETY  DOES  NOT  HOLD  ITSELF  RESPONSIBLE  FOR  THE  OPINIONS  OF  ITS  MEMBERS. 


The  two  hundred  and  nineteenth  regular  monthly  meeting 

of  the  Engineers’  Society  of  Western  Pennsylvania  was  held 

in  the  Lecture  Room  of  the  Society’s  house,  410  Penn  Ave- 

«/ 

nue,  Pittsburg,  Pa.,  Tuesday  evening,  November  19,  1901,  at 
8.45  o’clock,  the  President,  Mr.  II.  W.  Fisher,  being  in  the 
chair  and  66  members  and  visitors  being  present. 

The  minutes  of  the  preceding  meeting  were  read  and  ap¬ 
proved. 

The  following  applicants  were  reported  as  passed  and  to 
be  voted  for  at  the  next  regular  meeting  : 

o  .  o 

J.  MILLER  GRANT  FULLMAN,  -  Electrical  Contractor  and  Engi¬ 
neer,  doing  business,  with 
others,  as  “The  Fullman  Co.,” 
Third  St.  and  Penn  Ave.,  Piits- 
burg,  Pa. 

HERBERT  G.  WARDALE,  -  Mechanical  and  Civil  Engineer, 

C.  V.  Huber  &  Co.,  705  Ferguson 
Building,  Pittsburg,  Pa. 

FREDERICK  C.  WEBER,  -  -  Mechanical  Engineer,  Rand  Drill 

Co.,  Hotel  Lincoln,  Pittsburg,  Pa. 

The  following  gentlemen  were  balloted  for  and  duly  elect¬ 
ed  to  membership: 

HARR\  H.  ANDERSON,  -  -  Assistant  Engineer, 

American  Sheet  Steel  Company, 
Augusta  St. ,  Duquesne  Heights, 
Pittsburg,  Pa. 

JOHN  HARE,  ....  Manager, 

Pittsburg  Branch,  The  Niles  Tool 
Works  Co.,  Crafton,  Pa. 
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FRANK  W.  KENNEDY.  -  -  Mechanical  Engineer,  with  the 

American  Sheet  Steel  Company, 
Vandergrift,  Pa. 

FREDERICK  LICHTENSTEIN,  -  Civil  Engineer,  130  Charles  Street, 

Knoxville  Borough,  Pittsburg, 
Pa. 

CHAS.  WORTHINGTON,  -  -  Consulting  Engineer,  131  Fourth 

Avenue,  Room  312,  Pittsburg,  Pa. 

For  the  Reception  Committee,  Mr.  Wilson  stated  there 
was  nothing  farther  to  report  than  was  contained  in  the  circular 
sent  out  with  the  Proceedings. 

It  was  moved  and  seconded  that  a  vote  of  thanks  be  of¬ 
fered  the  Reception  Committee  for  the  pleasant  evening  afford¬ 
ed  the  members  and  their  friends  at  the  last  “  smoker.” 

Mr.  Fisher — There  is  one  committee  we  have  not  heard 
from;  that  is  the  Committee  on  Technical  Schools.  Mr.  Schel- 
lenberg,  have  you  anything  to  report  for  that  Committee  ? 

Mr.  Schellenberg — I  do  not  know  why  you  should  not 
hear  from  them.  I  was  not  here,  of  course.  The  interesting 
matter  elicited  by  that  Committee  is  contained  in  the  February 
number  and  in  the  April  number  of  the  Proceedings,.  and  it  is 
probably  the  unanimous  wish  of  this  meeting  that  the  Com¬ 
mittee  should  be  discharged. 

Mr.  Fisher — We  know  the  Committee  has  done  good  and 
noble  work  in  connection  with  the  report  on  Technical  Schools. 

Mr.  Bole — I  move  that  the  Committee  be  continued. 
(Motion  carried.) 

Mr.  Schellenberg — I  might  as  well  speak  for  the  Com¬ 
mittee  still,  I  suppose.  It  will  be  a  reorganized  committee, 
will  it  ?  They  will  have  to  get  instructions  from  the  Society. 

The  secretary  read  a  communication  from  the  McKinley 
National  Memorial  Association,  which  was  ordered  received 
and  tiled. 

The  President  then  appointed  Messrs.  Thomas  II.  John¬ 
son,  William  A.  Bole  and  IV.  G.  Wilkins  as  a  Nominating  Com¬ 
mittee  to  report  at  the  next  meeting  the  nomination  of  officers 
for  the  coming  year. 

The  next  in  order  was  the  reading  of  the  paper  of  the 
evening  by  Mr.  Richard  Hirsch,  entitled,  “Compressed  Air 
Haulage  Plants.  ’  ’ 
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COMPRESSED  AIR  HAULAGE  PLANTS. 


BY  RICHARD  HIRSCH. 

When  we  speak  of  a  compressed  air  haulage  plant,  we  in¬ 
clude  the  entire  installation  required  for  the  operation  of  com¬ 
pressed  air  locomotives.  This  equipment  consists  of  compressor, 
storage  tanks,  pipe  line,  charging  stations  and  locomotives* 
which  are  frequently  termed  air  motors.  In  the  above,  1  have 
omitted  the  track  system  and  cars.  Generally,  these  are  already 
installed  and  operated  by  animal  or  other  power,  which  com¬ 
pressed  air  supplants  as  a  more  efficient  and  economical  method 
of  doing  the  work. 


GENERAL  DESCRIPTION  OF  PLANT. 

A  steam  driven  comoressor  discharges  into  a  storage  tank 
or  battery  of  tanks,  but  more  frequently  directly  into  the  pipe 
line.  In  the  latter  case  the  pipe  line  is  made  of  sufficent 
capacity  to  act  as  a  storage  reservoir.  When  the  conditions 
are  such  that  the  locomotive  can  be  charged  at  the  power  house, 
make  a  round  trip  with  the  train  and  return  to  starting  point 
without  re-charging,  storage  tanks  may  be  used.  They  are 
located  in  the  power  house  near  the  compressor  and  no  pipe 
line,  properly  speaking,  is  required.  When  the  length  of  haul 
is  considerable,  trains  heavy,  grades  against  loads,  and  other 
conditions  exacting,  it  becomes  necessary  to  charge  the  loco¬ 
motive  at  both  ends  of  the  run.  This  requires  a  pipe  line, 
which  is  made  of  sufficient  diameter  to  perform  the  double 
service  of  storing  and  conveying  the  air,  and  tanks  are  dispensed 
with.  The  line  is  laid  on  the  surface  parallel  to  the  tracks,  and 
in  mine  installations,  runs  through  the  mine  entries.  Frequently 
the  line  runs  from  the  power  house  and  down  the  mine  shaft  be¬ 
fore  reaching  the  working  levels.  The  air  line  is  of  lap  welded 
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wrought  iron  pipe,  and  varies  from  three  to  six  inches  in  di¬ 
ameter,  depending  upon  the  amount  of  storage  required. 
Joints  are  made  by  heavy  threaded  sleeves  which  have  an  an¬ 
nular  caulking  groove  at  each  end,  into  which  a  strip  of  soft 
metal  can  be  driven  to  stop  leaks,  should  any  occur.  At  in¬ 
tervals  of  every  three  or  four  hundred  feet,  a  bolted  flange  joint 
is  placed  for  convenience  in  making  lateral  extensions  to  the 
system,  or  to  meet  other  contingencies  where  it  might  be  neces¬ 
sary  to  open  the  line.  These  joints  consist  of  a  pair  of  heavy 
cast  iron  flanges,  into  which  the  pipe  is  screwed  with  a  tapering 
thread,  and  the  end  of  pipe  beaded  over.  The  principal  feature 
of  this  joint  is  the  soft  metal  gasket,  which  is  of  wedge  shape 
section  with  the  taper  toward  the  center.  The  flanges  have 
finished  faces,  one  male,  one  female,  and  when  bolted  together 
leave  an  annular  groove  of  proper  shape  to  receive  the  gasket. 
When  the  bolts  are  drawn  up  tight,  the  metal  is  forced  toward 
the  outer  edge,  completely  filling  the  cavity,  and  making  a  joint 
perfectly  tight  under  pressures  as  high  as  1000  pounds  per 
square  inch.  All  tees,  crosses,  elbows  and  other  fittings  are 
provided  with  flange  ends  as  described. 

The  charging  station  consists  essentially  of  a  cast  tee  with 
flange  outlet,  a  1J  inch  gate  valve,  and  three  1J  inch  metallic 
ball  joints.  The  latter  are  connected  to  the  gate  valve  by  short 
lengths  of  extra  strong  wrought  iron  pipe,  the  whole  forming  a 
very  flexible  metallic  coupling  that  is  absolutely  tight  under 
all  working  pressures.  The  coupling  terminates  with  a  brass 
nut  which  fits  the  check  valve  on  the  air  tank  of  the  locomotive. 
The  flexibility  of  this  coupling  is  such,  that  no  exacting  precision 
is  required  in  stopping  the  locomotive  for  charging,  a  range  of 
a  foot  or  more  forward  or  backward  being  allowable. 

The  entire  operation  of  charging,  including  stopping, 
making  connection,  and  getting  under  wTay  with  train,  consumes 
but  one  or  two  minutes,  and  this  is  usually  at  the  terminals  of 
the  road  where  there  is  generally  a  lay-over  of  some  considerable 
time  before  starting  on  the  return  trip.  We  thus  have  a  per- 
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Three-stage  locomotive  charger.  450  cubic  feet  of  free  air  per  minute.  Pressure  900 
pounds  per  square  inch.  Built  by  the  Norwalk  Iron  Works  Co.,  South  Norwalk,  Conn. 
This  type  of  Compressor  used  at  the  Iona  Island  Magazine. 
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fectly  free  and  independent  motor,  unrestricted  in  its  move¬ 
ments.  Before  passing  from  the  subject  of  pipe  line,  it  might 
be  noted  that  where  the  diameter  of  pipe  is  slightly  more  than 
three  inches,  the  cost  of  pipe  line  and  tanks  of  like  capacity  is 
about  the  same;  where  the  diameter  is  large,  the  difference  in 
cost  is  in  favor  of  the  pipe  line. 

THE  COMPRESSED  AIR  LOCOMOTIVE. 

The  general  construction  of  the  compressed  air  locomo¬ 
tive  is  about  the  same  as  of  those  operated  by  steam,  so  far  as 
the  machinery  is  concerned,  or  as  we  might  saw  the  engines 
proper.  In  other  words,  all  parts,  such  as  frames,  valve 
motion,  cylinders,  rods,  spring  rigging,  et  cetera,  differ  but 
slightly  from  the  like  parts  of  the  steam  locomotive.  These 
parts,  however,  are  made  of  more  liberal  proportions  than  has 
been  the  practice  in  the  building  of  steam  locomotives,  of  the 
same  size,  making  a  stronger  and  more  durable  machine.  The 
principle  difference  consists  in  the  substitution  of  air  storage 
tanks  in  place  of  the  steam  boiler  and  its  accessories.  These 
vary  in  number,  capacity  and  strength,  as  the  work  requires. 
Usually  two  tanks  are  used,  resting  upon  saddles  which 
are  supported  by  the  engine  frames.  They  are  necessarily 
very  heavy  for  carrying  high  pressures,  and  on  a  fairly  large 
motor,  would  run  from  fourteen  to  sixteen  feet  in  length  and 
about  forty  inches  outside  diameter.  Shell  plates,  -J  inch  thick; 
heads,  1\  inch  thick.  Circumferential  seams  are  double 
riveted  lap  joints,  and  the  longitudinal  seams  are  butt  joints 
with  inside  and  outside  welt  strips.  The  longitudinal  seams 
have  eight  rows  of  rivets,  spaced  to  make  a  joint  85%  of  the 
strength  of  the  solid  plate.  Rivets  are  1|-  inch  and  1J  inch 
diameter  driven  in  drilled  and  reamed  holes.  These  tanks 
would  carry  a  pressure  of  about  TOO  pounds  per  square  inch, 
and  using  plates  having  a  tensile  strength  of  60,000  pounds 
per  square  inch,  have  a  factor  of  safety  of  three^and  one-half. 
This  is  an  ample  margin,  as  the  tanks  are  free  from  all  the 
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strains  of  expansion  and  contraction,  to  which  a  steam  hoiler 
is  subjected.  The  heads  are  flanged,  dished  to  a  radius  of 
about  three  feet,  and  set  in  the  tanks  with  t he  convex  surface 
outside,  a  construction  requiring  no  bracing.  The  front  head 
of  the  tank  is  provided  with  a  manhole  which  is  reinforced  by 
a  heavy  cast  steel  frame,  and  closed  by  a  cover  of  the  same 
material.  The  tanks  are  coated  inside  and  outside  with  a 
specially  prepared  paint  to  prevent  rusting,  and  there  being 
no  other  cause  for  deterioration,  they  last  indefinitely,  and  no 
renewals  or  repairs  whatever  are  required. 

Use  has  also  been  made  of  lap  welded  wrought  iron  tanks 
with  heads  brazed  into  the  shell,  but  of  much  smaller  diameter 
than  the  riveted  tank  just  described.  For  exceedingly  high 
pressures,  nests  of  seamless  steel  tubes  may  be  used;  these  are 
about  nine  inches  in  diameter,  and  carry  a  pressure  of  2,000 
pounds  per  square  inch. 

Each  locomotive  tank  carries  a  check  valve  fitting  the 
charging  station  coupling;  communication  between  the  tanks  is 
effected  by  means  of  a  connecting  pipe,  and  the  motor  may 
thus  be  charged  from  either  side.  The  air  before  entering  the 
cylinders,  passes  through  an  automatic  stop  and  reducing 
valve  into  an  auxiliary  reservoir,  and  then  through  a  balanced 
throttle  valve  into  the  valve  chests.  A  constant  working 

O 

ft 

pressure  of  from  lfO  pounds  to  150  pounds  per  square  inch, 
is  thus  maintained,  so  long  as  the  pressure  in  the  main  tanks 
exceeds  or  equals  this  amount.  When  the  pressure  in  the 
large  tanks  falls  to  this  point,  the  air  passes  through  the  reduc¬ 
ing  valve  without  further  loss  in  pressure.  The  auxiliary 
reservoir  usually  consists  of  a  piece  of  8  inch  or  9  inch  wrought 
iron  pipe,  from  10  to  12  feet  long,  and  closed  at  the  ends  with 
cast  steel  heads.  It  relieves  all  fluctuations  in  pressure  which 
the  operation  of  the  engines  might  cause,  and  produces  a 
uniform  working  of  the  mechanism  in  the  reducing  valve. 
The  distribution  of  air  in  the  cylinders  is  controlled  by  a 
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Threes tage  locomotive  charger.  375  cubic  feet  of  free  air  per  minute.  Pressure  2500  pounds 
per  square  inch.  Built  by  the  Norwalk  Iron  Works  Co.,  South  Norwalk,  Conn. 
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Stephenson  link  motion  of  the  usual  locomotive  type,  and  the 
air  is  used  expansively. 

This  description  applies  in  a  general  way  to  all  air 
motors,  but  such  a  variety  of  conditions  is  encountered  in  this 
work  that  no  two  machines  of  different  plants  are  alike. 
Some  idea  of  these  varying  requirements  may  be  gathered 
from  the  fact,  that  these  locomotives  have  been  built  in  sizes 
running  all  the  way  from  a  5  in.  x  10  in.  to  12  in.  x  IS  inch 
cylinder,  and  weighing  from  9,000  pounds  to  45,000  pounds. 
They  have  been  restricted  in  height  to  53  inches,  and  in  width 
to  39  inches,  and  gauge  of  track  has  been  as  narrow  as  IS 
inches.  The  number  of  tanks  may  vary  from  one  to  three, 
and  in  some  cases,  where  sufficient  storage  can  not  be  provided 
on  the  locomotive,  a  separate  tender  is  attached  and  connected 
to  the  motor  bv  means  of  a  flexible  metallic  coupling.  These 
tenders  are  of  the  four  wheel  type,  carry  three  large,  high 
pressure  tanks,  and  add  more  than  100%  to  the  possible  run¬ 
ning  distance  of  the  locomotive. 

The  size  and  type  of  motor,  capacity  of  pipe  line  or 
storage  tanks,  together  with  the  amount  and  pressure  of  air 
required,  are  all  determined  by  the  conditions  met  with  in  any 
particular  case  under  consideration.  Briefly  stated,  these  con¬ 
ditions  are,  length  of  haul,  weight  of  train,  number  of  trips 
required  per  day,  grades  and  curves  in  track,  resistance  cars 
offer  to  rolling  friction,  weight  of  rail,  and  the  very  import¬ 
ant  item,  the  clearances  for  the  motor,  as  for  instance,  the 
height  and  width  of  mine  entry.  The  weight  of  train,  together 
with  the  resistances  due  to  rolling  friction,  grades  and  curves, 
determine  the  size  and  weight  of  locomotive  required. 
Frequently  the  restrictions  in  regard  to  height  and  width  are 
the  determining  factors,  and  when  so  restricted,  the  weight  of 
train  must  be  proportioned  accordingly.  The  amount  of  free 
air  required  depends  upon  the  amount  of  work  to  be  done  in 
terms  of  foot  pounds.  The  pressure  in  the  motor  tanks  is 
governed  by  their  volume  and  the  amount  of  free  air  required 
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between  charging  points,  and  the  tanks  are  invariably  made  as 
large  as  circumstances  permit.  The  cubical  capacity  of  the 
storage  tanks  or  pipe  line,  and  the  pressure  carried  therein, 
must  together  be  sufficient  to  equalize,  in  the  process  of  charg¬ 
ing,  to  the  pressure  required  in  the  tanks  of  the  motor.  All 
of  these  points,  and  more  particularly,  the  proper  reserve  to 
be  allowed  in  the  matter  of  air  pressures  and  volumes,  depend 
largely  upon  the  judgment  of  the  engineer,  and  a  thorough 
knowledge  of  all  the  conditions  involved  is  absolutely  essential. 
Bad  alignment  of  track,  light  rail  and  poor  rolling  stock  might 

upset  all  calculations,  if  based  in  any  way  upon  mere  assump¬ 
tion. 

AIR  COMPRESSORS. 

The  types  of  compressors  used  in  air  haulage  plants  are 
almost  as  varied  as  the  locomotives.  The  conditions  governing 
the  design  of  the  compressor  are,  of  course,  different  from  those 
which  govern  the  design  of  the  locomotive.  One  feature,  how- 
ever,  is  common  to  all,  viz. ,  the  air  is  compressed  in  three  or  four 
stages  before  reaching  the  final  pressure. 

To  illustrate  the  compounding  process  of  air  compression, 
let  us  suppose  that  we  are  to  produce  a  pressure  of  900  pounds 
per  square  inch.  If  we  were  to  attempt  this  in  a  single  cylinder 
having  a  stroke  of  15  inches,  the  piston  must  travel  to  within 
\  inch  of  the  end  of  stroke  before  the  confined  air  will 
reach  the  required  pressure.  All  the  air  would  be  crowded 
into  the  clearance  space  without  lifting  the  discharge  valves, 
and  will  have  expanded  to  atmospheric  pressure  when  the 
piston  has  completed  its  return  stroke. 

In  our  illustration  we  have  taken  no  account  of  the  temper¬ 
ature  which  would  result  from  such  an  operation,  and  we  are 
compelled  to  use  compound  compressors  for  very  ordinary  pres¬ 
sures,  if  for  no  other  reason  than  for  the  purpose  of  cooling  the 
air  between  the  several  stages  of  compression.  For  pressures 
as  low  as  100  pounds  per  square  inch,  the  heat  losses  are  re¬ 
duced  more  than  one  half  in  a  two-stage  compressor,  and  for  the 
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tractive  force  developed  is  shown  on  the  dial  of  gauge  attached  to  oil 
dynanometer. 
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higher  pressures  the  saving  by  the  three  and  four  stage  machines 
is  very  much  greater.  To  derive  the  full  benefit  of  compound¬ 
ing,  the  air  must  he  thoroughly  cooled  between  the  several  stages 
of  compression,  and  the  temperature  should  be  reduced  to  that 
of  the  atmospnere  or  much  lower  if  possible.  By  heating  the 
air  in  the  motor  cylinders,  a  large  percentage  of  the  heat  losses 
can  be  recovered,  and  in  compound  motors,  the  air  should  be 
heated  before  each  expansion. 

Distributing  the  work  of  compression  in  several  cylinders 
tends  to  equalize  the  difference  between  the  power  developed  in 
the  steam  cylinder  and  the  resistances  encountered  in  the  air 

%J 

cvlinders.  In  a  single  stage  compressor  the  resistance  in  the  air 

CO  I 

cvlinder  is  nothing  at  the  beginning,  and  greatest  at  the  end  of 
the  stroke,  while  in  the  steam  cvlinder  the  conditions  are  exactlv 
the  opposite.  This  difference  between  power  and  resistance 
must  be  equalized  bv  the  use  of  heavy  flv-wheels.  In  a  multi- 
stage  machine,  the  final  pressure  comes  in  the  last  cylinder  only, 
which  is  small  in  diameter,  the  intermediate  pistons  meet  pres¬ 
sures  proportional  to  their  areas,,  and  the  work  of  compression 
is  thus  distributed  throughout  the  stroke.  The  high  pressure 
cylinder  is  invariably  single  acting  to  avoid  the  use  of  stuffing 
boxes,  and  frequently  all  cylinders  are  single  acting.  The  air 
passes  through  inter-coolers  between  each  compression,  and  all 
cylinders  are  surrounded  by  water  jackets. 

The  steam  end  of  the  compressor  may  be  simple,  compound 
or  triple  expansion,  depending  upon  circumstances.  If  the  cost 
of  coal  is  high  all  possible  means  are  adopted  to  obtain  high  ef¬ 
ficiencies  in  fuel  consumption.  The  compressor  in  use  at  the 
Anaconda  Copper  Company's  mines  in  Montana,  is  a  triple  ex¬ 
pansion  Corliss  condensing  engine,  and  the  steam  before  enter¬ 
ing  the  intermediate  and  low  pressure  cylinders,  passes  through 
steam  heated  receivers.  At  coal  mines  where  fuel  is  reckoned 
at  fifty  cents  a  ton,  simple  engines  are  generally  used. 

The  power  required  to  compress  air  to  various  pressures  in 
single  and  multi-stage  compressors,  the  decrease  in  efficiencies 
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due  to  the  raritied  condition  of  the  atmosphere  at  high  altitudes, 
the  heat  losses  in  compression,  and  the  economy  in  inter-cool¬ 
ing,  are  all  found  in  detail  in  works  on  the  subject  of  compressed 
air  and  will  not  be  dwelt  upon  here. 

SPECIAL  FEATURES  OF  THE  COMPRESSED  AIR  HAULAGE  SYSTEM. 

This  system  of  haulage,  while  used  to  a  greater  extent  in 
mining  than  in  any  other  one  industry,  has  also  been  largely 
used  in  powder  mills,  cotton  warehouses,  lumber  yards,  maga¬ 
zines,  et  cetera.  In  these  industries,  the  matter  of  safety  is  of 
paramount  importance,  and  they  require  a  motive  power  which 
will  assure  entire  safety  from  fire  or  explosion,  and  which 
mi^ht  result  from  the  use  of  a  steam  locomotive,  or  from  the 
sparking  wires  of  an  electric  trolley  system.  In  these  hazar¬ 
dous  applications,  entire  safety  is  secured  by  the  compressed 
air  system,  to  the  exclusion  of  probably  every  other  form  of 
motive  power.  In  addition  to  the  feature  of  safety,  mines 
are  freed  from  smoke  and  gases  which  a  steam  locomotive 
would  produce,  and  the  exhaust  air  assists  the  ventilation  to 
some  extent. 

Highly  charged  naked  trolley  wires  in  low  mine  entries, 
are  dangerous  on  account  of  the  liability  of  persons  coming 
into  contact  with  them,  and  the  Pennsylvania  Keport  of  Bureau 
of  Mines  records  many  such  accidents. 

M'hile  the  matter  of  safety  is  the  most  important  and 
valuable  feature  of  the  compressed  air  system,  in  many  of  its 
applications,  those  other  qualities,  reliability,  efficiency  and 
economy  are  none  the  less  conspicuous. 

RELIABILITY. 

An  air  locomotive  when  charged,  can  proceed  with  its 
train  to  the  end  of  the  run,  and  a  temporary  stoppage  of  the 
compressor  does  not  tie  up  the  system.  Unless  the  shut-down 
is  of  prolonged  duration,  the  air  stored  in  the  pipe  line  can  be 
drawn  upon  to  keep  the  system  in  operation  for  a  considerable 
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Compressed  air  motor  used  in  cotton  warehouses.  Cylinders  9  in.  x  14  in.  Gauge  of  track 
36  in.  Weight  24500  pounds.  Two  tanks,  combined  capacity  160  cubic  feet;  pressure  600  pounds 
per  square  inch.  Air  heated  in  hot  water  re-heater.  Built  by  H.  K.  Porter  Co.,  Pittsburg,  Pa. 
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time.  In  such  an  emergency  the  pressure  would  fall  rapidly, 
and  after  the  pipe  line  would  have  been  drawn  upon  for  one  or 
two  extra  trips,  the  pressure  in  the  motor  tanks  would  not  be 
sufficient  to  make  a  full  trip  with  train  ;  by  placing  one  or  two 
extra  charging  stations  at  intermediate  points  in  the  line,  the 
locomotive  could  be  recharged,  if  it  were  found  that  the  run 
could  not  be  completed  with  the  one  charge  at  the  lower  pres¬ 
sure.  Motors  are  often  charged  at  night  and  retain  the  pressure 
without  any  appreciable  loss  until  the  next  morning,  ready  to 
begin  the  day's  work. 

O  * 

EFFICIENCY. 

I 

Power  can  not  be  transmitted  long  distances  as  efficiently 
by  means  of  compressed  air,  as  it  can  be  by  electricity.  This 
statement  applies  more  particularly  when  the  air  is  used  cold; 
by  heating  the  air  in  the  motors  the  efficiency  is  very  materi¬ 
ally  increased,  and  when  so  used  the  difference  between  the 
two  systems,  in  this  respect,  is  not  very  great.  It  does  not 
necessarily  follow,  however,  that  the  compressed  air  motor  is 
any  the  less  efficient  or  economical  than  the  electric  locomotive. 
The  coal  burned  under  the  boilers  is  not  the  only  item  which 
must  be  taken  into  consideration,  when  determining  the 
efficiency  of  one  system  in  relation  to  that  of  another.  But 
let  us  give  to  the  word  efficiency,  a  slightly  broader  meaning 
than  usually  attaches  to  it  in  an  engineering  sense.  If  we  define 
efficiency  to  mean  the  amount  of  money  expended,  instead  of 
the  amount  of  coal  burned  to  do  a  certain  work,  then  the 
efficiency  of  the  air  plant  will  rank  high  indeed.  If  we  tako 
into  account,  not  only  the  cost  of  fuel,  but  also  the  cost  of 
operation,  maintenance  and  repairs,  we  have  a  very  favorable 
showing. 

On  account  of  the  simplicity  of  construction  and  ease  of 
operation,  unskilled  labor  can  very  readily  be  trained  to 
perform  the  duties  of  engineer,  at  moderate  wages. 

The  cost  of  maintenance,  repairs  and  renewals  are  small 
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items,  as  the  moving  parts  are  few  and  suffer  but  little  wear. 
When  renewals  are  required,  such  parts  can  be  quickly  applied 
and  at  moderate  cost. 

Deterioration  is  even  of  less  moment,  as  a  very  large 
part  of  the  plant  suffers  no  wear  or  deterioration  whatever, 
and  requires  no  repairs  or  attention.  The  writer  has  ridden 
on  an  air  motor  that  had  been  under  water  in  a  flooded  mine 
for  over  a  year,  and  the  machine  was  none  the  worse  for  the 
submersion. 

Economy,  so  far  as  the  cost  of  fuel  is  concerned,  can  be 
increased  about  40%  by  heating  the  air  before  it  enters  the 
cylinders  of  the  locomotive.  The  heater  consists  essentially  of  a 
tank  of  hot  water,  through  which  the  air  passes  on  its  way 
from  the  reducing  valve  to  the  cylinders,  and  the  heater  is 
charged  with  hot  water  and  steam  at  the  end  of  the  trip,  when 
the  tanks  are  charged  with  air.  When  the  air  is  thus  heated, 
the  auxiliary  reservoir  is  dispensed  with,  the  heater  being  used 
in  its  stead  and  performing  its  function. 

The  system  can  be  compounded  ;  but  to  obtain  results 
which  would  in  any  way  justify  the  increased  complication,  it 
becomes  necessary  to  heat  the  air  before  entering  the  high 
pressure  cylinders,  and  again,  before  the  second  expansion. 
These  features  would  greatly  increase  the  complexity  of  the 
mechanism  of  the  locomotive,  necessitate  more  careful  opera¬ 
tion,  involve  additional  wear  and  renewal  of  parts,  and  add  to 
the  cost  of  maintenance  accordingly.  It  would  not  be  advis¬ 
able  to  add  these  complications  except,  possibly,  for  street  car 
service,  where  the  run  would  be  exceedingly  long  and  storage 
facilities  limited.  The  construction  of  motors  for  industrial 
service  should  be  reduced  to  the  simplest  possible  form,  to  the 
end,  that  they  are  easy  to  operate  and  require  but  little  atten¬ 
tion  to  keep  in  repair. 

But  simplicity  must  not  be  construed  to  mean  crudity. 
What  we  might  term  the  refinements  of  engineering  practice, 
fiave  been  sacrificed  for  purely  practical  and  business 
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sure  700  pounds  per  square  inch. 
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reasons,  and  the  number  of  successful  plants  built  on  those 
lines  have  justified  that  proceedure. 

Compressed  air  haulage  is  not  an  engineering  novelty,  and 
the  installations  do  not  consist  of  a  single  locomotive  in  isolated 
locations,  one  here,  one  there.  Three  or  four  locomotives  are 
frequently  used  in  one  mine;  often  there  are  as  many  as  six, 
and  the  Anaconda  Copper  Company  in  Montana  operates  nine 
locomotives  in  one  plant. 

COST  OF  OPERATION. 

In  order  to  give  some  idea  of  the  cost  of  operation,  I  will 
quote  briefly  from  a  test  made  under  the  supervision  of  Mr. 
J.  H.  Bowden,  late  chief  engineer  at  No.  6  Colliery,  of 
the  Susquehanna  Coal  Co.,  located  at  Glen  Lyon,  Pa. 
At  this  plant,  they  operate  two  Porter  eight-ton  motors, 
having  7  in.  x  14  in.  cylinders;  tank  capacity  130  cubic  feet; 
pressure  500  pounds  per  square  inch.  Omitting  all  details,  I 


will  summarize  results  in  a  very  few  remarks. 

Total  cost  of  plant,  not  including  steam  boilers, 

cars  or  track .  $15,156.00 

Total  cost  of  operating  plant  for  179  days  in¬ 
cluding  all  labor,  fuel,  supplies,  repairs,  &c .  2,202.78 

Fixed  charges,  including  interest,  repairs  and 
depreciation  on  plant  complete  including  boilers...  1,776.60 
Total  cost  of  operation  for  year  1897,  during 

which  the  plant  was  operated  but  179  days .  3,979.38 

Previous  to  the  installation  of  the  air  plant,  all 
coal  was  hauled  by  mules,  numbering  over  thirty 

and  valued  at . . .  4.052.48 

✓ 

The  cost  of  operation  by  mules,  including  all 
labor,  supplies,  interest,  depreciation  &c.  for  179 

days  .  . . .  11,328  63 

Cost  of  same  work  by  compressed  air .  3,979.38 

Saving  by  compressed  air  for  179  days .  $7,349.25 
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At  the  average  rate  of  saving  for  the  year  1897,  the  entire 

O  o' 

cost  of  plant  would  be  saved  in  3b  1  working  days. 

The  average  daily  work  of  these  two  motors  for  the  179 
days,  was  1,185  net  ton  miles.  This  makes  the  cost  of  hauling 
coal  in  this  plant,  under  the  then  existing  conditions,  less  than 
l^y  cents  per  net  ton  mile.  The  cost  of  the  same  work  by  mule 
power  was  cents.  In  his  report,  Mr.  Bowden  stated  that 
to  operate  the  plant  to  the  full  capacity  of  the  two  compressors, 
and  for  300  days  per  year,  would  bring  the  cost  of  operation, 
including  fixed  charges,  to  fWir  cents  per  gross  ton  mile,  or 
cents  per  ton  mile  net  load. 

COMPRESSED  AIR  PLANT  AT  THE  IONA  ISLAND  MAGAZINE. 

The  United  States  Government  is,  at  the  present  time, 
building  a  great  naval  magazine  on  Iona  Island,  in  the  Hudson 
Kiver  about  41  miles  from  IS  ew  York  City.  This  island  lies 
near  the  west  shore  of  the  river,  in  fact,  it  extends  into  the 
swamps  on  the  westerly  side,  while  on  the  east  it  has  a  deep 
water  front  and  dockage  facilities.  The  West  Shore  R.  R. 
crosses  the  island  near  its  western  shore,  reaching  it  through  the 
swamps  by  trestles  at  the  north  and  south  ends.  The  tract  of 
land  held  by  the  Goverhment  comprises  an  area  of  about  110 
acres,  embracing  all  that  part  of  the  island  lying  east  of  the 
West  Shore  R.  R.  The  magazine,  when  completed,  will  consist 
of  a  dozen  or  more  buildings,  each  about  200  feet  long  and  50 
feet  wide,  and  are  to  be  used  for  the  storage  of  all  kinds  of 
ammunition  used  in  the  United  States  Navy. 

The  main  track  of  the  haulage  plant  is  laid  out  approxi¬ 
mately  in  the  form  of  a  circle  about  900  feet  in  diameter,  and 
most  of  the  buildings  are  grouped  within  it,  which  forms  as  it 
were,  a  belt  line.  At  present  there  are  about  five  miles  of  track 
including  switches  and  sidings,  and  will  eventually  l>e  increased 
by  the  extensions  now  proposed.  The  buildings  are  all  reached 
by  switches  from  the  belt  line,  which,  in  turn,  has  connection 
with  the  tracks  of  the  West  Shore  R.  R.  and  with  a  dock  on  the 
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Compressed  air  locomotive  with  tender  One  of  six  motors  built  for 
the  Cross  Creek  Coal  Co.,  Drifton,  Pa.  By  the  H.  K.  Porter  Co. 
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eastern  shore  of  the  island.  Ammunition  and  supplies  may  be 
received  at  the  magazine  bv  rail  or  boat,  and  will  be  delivered 
by  government  tugs  to  the  war  vessels  lying  at  the  Brooklyn 
Navy  Yard  or  in  the  harbor.  When  the  vessels  are  at  a  distance, 
shipments  can  be  made  as  circumstances  require. 

The  compressed  air  locomative  has  been  in  continuous 
operation  since  July  27,  1901,  engaged  mostly  in  the  handling 
of  building  material,  stone,  brick,  cement,  structural  iron  work, 
et  cetera.  While  the  plant  is  still  under  construction,  and  but 
very  little  ammunition  is  stored  in  the  magazines,  nevertheless, 
steam  locomotives  from  the  West  Shore  road  are  not  allowed  to 
cross  the  government  property  line.  When  these  buildings  are 
filled  with  explosives,  it  is  superfluous  to  say  that  this  rule  will 
be  rigidly  enforced. 

The  air  for  this  plant  is  furnished  by  a  three-stage  Norwalk 
compressor  having  a  capacity  of  300  cubic  feet  of  free  air  per 
minute,  compressed  from  atmosphere  to  1000  pounds  per  square 
inch,  and  in  case  of  emergency  the  machine  can  be  driven  to 
compress  370  cubic  feet  at  the  same  pressure.  The  steam 
cylinder  is  20  in.  x  24  in.,  and  for  the  capacities  given  above, 
developes  from  70  to  100  horse  power.  The  air  intake  cylinder 
is  14  in.  x  24  in.  with  intermediate  and  high  pressure  cylinders 
properly  proportioned  for  compressing  to  1000  pounds  per 
square  inch.  The  air  is  stored  in  a  battery  of  six  tanks,  each  3G 
inches  in  diameter  and  17  feet  long,  standing  in  a  vertical  position 
on  stone  foundations;  they  have  a  combined  capacity  of  650  cubic 
feet.  The  pipe  line  is  some  300  or  400  feet  in  length,  3  inches 
in  diameter,  and  carries  the  air  to  three  charging  stations.  There 
is  one  Porter  locomotive  of  the  four  wheel  type,  having  12  in. 
x  16  in.  cylinders,  and  weighs  42,500  pounds.  The  motor 
tanks  are  two  in  number,  40  inches  in  diameter,  on  the  left  side 
16  feet  4  inches  long,  the  one  on  the  right  13  feet  8  inches. 
They  have  a  combined  capacity  of  240  cubic  feet  and  carry  a 
pressure  of  750  pounds  per  square  inch.  This  is  reduced  to  140 
pounds  in  the  auxiliary  reservoir,  and  is  used  cold.  The  motor 
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is  designed  to  haul  two  standard  loaded  freight  cars  a  distance 
of  two  miles  with  one  charge  of  air,  and  portions  of  this  haul 
occur  on  grades  as  steep  as  five  per  cent.  The  locomotive  is 
capable  of  exerting  a  tractive  force  ranging  from  8300  to  8000 
pounds. 

The  writer  wishes  to  thank  the  II.  K.  Porter  Co.,  the 
Ingersoll-Sergeant  Drill  Co.,  and  the  Norwalk  Iron  Works  Co. 
for  the  use  of  the  plates  with  which  this  paper  is  illustrated. 
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Ingersoll-Sergeant  four-stage  duplex  Class  “G”  high  pressure  air  com¬ 
pressor,  operating  Porter  locomotives  at  the  rolling  mill  mines  of  the 
Cambria  Steel  Co.,  Johnstown,  Pa.,  having  cylinders  as  follows  : 

H.  P.  Steam  Cylinder,  20  in.  diameter  by  24  in.  Stroke. 

L.  P.  Steam  Cylinder,  32  in.  diameter  by  24  in.  Stroke. 

L.  P.  Air  Cylinder,  28}  in.  diameter  by  24  in.  Stroke. 

1st  Int.  Air  Cylinder,  14  in.  diameter  by  24  in.  Stroke. 

2nd  Int.  Air  Cylinder,  10  in.  diameter  by  24  in.  Stroke. 

H.  P.  Air  Cylinder,  5  in.  diameter  by  24  in.  Stroke. 

Pressure  850  to  1,000  pounds  per  square  inch. 
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Mr.  Hirsch  exhibited  a  large  collection  of  photographs 
of  compressors  and  locomotives,  and  explained  many  interest¬ 
ing  features  in  connection  therewith. 

DISCUSSION. 

Mr.  Fisher — We  have  all  listened  to  the  very  interest¬ 
ing  paper  by  Mr.  Hirsch,  and  he  has  given  us  some  valuable 
data  to  add  to  our  Proceedings;  but  I  fear  that  a  great  deal  of 
interesting  information  has  been  communicated  between  mem¬ 
bers  here,  up  to  the  present  time,  that  has  not  been  heard  by 
the  body  at  large;  so  it  would  be  advisable  to  commence  the 
discussion.  This  is  a  subject  which  certainly  ought  to  be 
interesting  to  persons  in  this  neighborhood,  where  compressed 
air  is  used  so  much. 

Mr.  Trinks — I  would  like  to  ask  Mr.  Hirsch  what  these 
ribs  are  for  on  the  cylinders  of  this  locomotive  ? 

Mr.  Hirsch — We  endeavor  to  expose  a  little  more  surface 
to  the  atmosphere  for  heating  purposes.  The  interior  tempera¬ 
ture  is  60  or  70  degrees  lower  than  the  atmosphere,  and  the 
ribs  on  the  outside  help  the  efficiency  somewhat. 

Mr.  Connelley — Are  the  locomotives  built  compromise 
gauge  or  narrow  gauge  principally  ?  Do  you  build  them  for 
both  ? 

Mr.  Hirsch — For  mines  we  have  all  gauges — anywhere 
from  18  to  44  inches — and  we  have  built  locomotives  of  all 
descriptions  for  over  sixty  different  gauges.  At  the  Iona 
Island  plant  they  handle  cars  from  the  West  shore  road,  and 
they  are  standard  gauge,  of  course. 

Speaking  of  Mr.  Connelley ’s  question  brings  up  the 
matter  of  clearances  also.  No  matter  how  low  or  how  narrow 
the  engine,  all  the  machinery  must  be  put  in,  just  the  same. 
We  crowd  down  until  we  hardly  have  enough  space  for  the 
working  parts.  We  have  often  brought  up  this  question  of 
clearances,  and  we  have  been  told  that  to  make  more  room  or 
height  for  the  engine  would  cost  more  than  the  locomotives. 
Then  again  the  matter  of  odd  gauge:  For  instance,  in  the  Jones 
&  Laughlins’  mills  they  use  23-inch  gauge.  Years  and  years  ago 
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they  probably  bought  some  second-hand  cars  somewhere,  and 
the  cars  happened  to  be  23-inch  gauge.  After  awhile  they 
bought  a  few  more.  Finally  they  bought  a  little  locomotive, 
a  7  in.  x  12  in.,  weighing  probably  17,000  pounds.  When 
they  got  the  locomotive  we  had  to  cut  it  in  height  and  width 
to  get  it  in  on  the  23-inch  gauge.  To  do  their  work  now, 
we  are  required  to  put  a  41,000  pound  engine  in  the 
same  space  the  17,000  pound  machine  occupied  years  ago. 
The  same  condition  exists  at  Homestead.  The  first  engine  used 
at  Homestead  was  something  like  a  9  in.  x  14  in.,  weighing 
probably  25,000  pounds;  the  last  ones  had  13  in.  x  16  in. 
cylinders  and  weighed  something  like  55,000  pounds.  The 
Jones  &  Laughlins  44,000  pound  and  the  Homestead  55,000- 
pound  engines  are  pretty  nearly  solid  masses  of  metal,  and 
tend  to  illustrate  what  we  have  to  contend  with.  I  will  say, 
however,  that  in  laying  out  newr  plants  the  engineers  make 
proper  provision  for  locomotive  clearances.  If  they  would 
apply  to  locomotive  builders  for  clearances,  they  would  be 
furnished,  only  too  gladly,  with  prints  and  sizes  of  engines 
that  they  may  use. 

Mr.  Whinery — I  would  like  to  ask  Mr.  Hirsch  if  they 
experience  any  trouble  with  freezing  ;  that  is,  in  expanding 
the  air  to  150  pounds  into  the  auxiliary  reservoir.  1  have 
noticed  in  coal  mine  work,  there  was  frost  around  the  outlet. 
Do  you  experience  any  trouble  with  freezing  of  the  reducing 
valves  ? 

Mr.  Hirsch — We  have  not  had  any  trouble  there.  We 
have,  in  a  number  of  instances,  made  provision  for  heating 
the  reducing  valve,  but  it  is  very  seldom  necessary.  Of  course, 
the  air  gets  cold.  One  of  the  photographs  I  have  placed  in 
your  hands  shows  the  valve  chests  covered  with  frost,  due  to 
the  condensation  and  freezing  of  the  moisture  in  the  atmos- 
phere  when  it  comes  in  contact  with  the  cold  surfaces  ;  but  on 
the  inside  wre  have  no  trouble.  Of  course,  we  know  that  the 
capacity  of  air  for  carrying  moisture  depends  upon  its  volume 


324  ENGINEERS’  SOCIETY  OF  WESTERN  PENNSYLVANIA. 


This  machine  consists  of  a  duplex  vertical  cross  compound  engine,  built 
by  the  E.  P.  Allis  Co.,  of  Milwaukee,  and  the  Ingersoll-Sergeant  Air  Com¬ 
pressor  being  of  the  four  cylinder  type,  has  cylindeis  of  the  following 
dimensions: 

L.  P.  cylinder  46  inches. 

1st  Int.  “  24  “ 

2nd  Int.  “  14  “ 

H.  P.  cylinder  6  “ 

Stroke  -  60  “ 

All  the  above  cylinders  are  single  acting. 

The  free  air  capacity  per  revolution  is  56.735  cubic  feet;  capacity  at  40 
revolutions,  1269.4  cubic  feet,  and  the  free  air  capacity  at  60  revolutions  is 
3404.1  cubic  feet.  The  approximate  pressure  in  first  cooler  is  40  pounds,  in 
the  second  180  pounds  and  in  the  third  850  pound,  the  final  approximate 
pressure  in  the  after  cooler  being  2,300  pounds. 
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and  temperature,  and  not  upon  its  pressure.  After  air  has 
been  compressed  to  probaly  1,000  pounds  per  square  inch,  it 
will  contain  about  the  same  amount  of  moisture  as  the  same 
volume  of  air  at  atmospheric  pressure  ;  and  when  that  air  is 
expanded  to  150  pounds  per  square  inch  it  is  very  dry,  and  we 
experience  no  trouble  with  freezing  in  the  cylinders. 

Mr.  Whinery — Mr.  llirsch  spoke  of  saving  power  by 
reheating.  Do  you  take  into  consideration  the  energy  required 
to  reheat? 

Mr.  IIirscii — We  have  made  tests  and  we  find  a  very 
great  increase  in  efficiency  by  using  the  heated  air;  it  amounts 
to  about  40  per  cent.,  allowance  being  made  for  cost  of  heating. 
Professor  Unwin  has  stated  that  the  fuel  used  in  heating  air 
is  used  five  or  six  times  more  efficiently  thar.  if  used  in  a  good 
steam  engine. 

Mr.  Koch — Do  you  have  to  use  larger  ports  ?  Are  they 
larger  than  they  are  with  steam  ? 

Mr.  Hirsch — No;  they  are  about  the  same  size  for  air  or 
steam  ;  it  makes  no  difference. 

A  Member — Why  do  you  use  the  slide  valve  ? 

Mr.  Hirsch — The  piston  valves  leak  more  with  dry  air. 
We  have  not  used  them.  Of  course,  we  must  remember  that 
a  piston  valve  in  a  steam  engine  becomes  water-packed. 

Mr.  Koch — On  that  question  of  reheating.  1  use  an 
underground  hoist;  I  run  it  sometimes  with  steam,  and  some¬ 
times  with  hot  air.  We  have  a  large  pump,  and  we  think  it 
is  a  pretty  good  one,  when  it  delivers  800  gallons  a  minute 
from  the  bottom  of  the  mine.  We  run  that  with  hot  air. 
Sometimes  the  pipe  gets  broken,  and  we  can’t  stop  the  pump, 
so  we  turn  on  the  compressed  air.  *\re  take  the  air  from  the 
compressor,  pass  it  through  a  hot  water  heater,  and  then  raise 
it  to  a  temperature  of  400  degrees  by  subsequent  heating.  It 
goes  to  the  pump  and  hoist  with  considerable  steam  in  it, 
and  we  can  run  the  pump  and  hoist  about  as  cheaply  that  way 
as  we  can  by  steam;  in  fact  a  little  cheaper;  but  then,  of 
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course,  it  means  more  machinery  to  look  after.  But  we  find 
this:  I  have  had  to  enlarge  my  ports.  If  we  turn  superheated 
air  into  it  there  seems  to  be  a  drag  on  it  ;  it  does  not  seem  to 
work  satisfactorily.  But  we  enlarged  the  ports  a  little,  and 
the  enlarged  ports  will  work  perfectly  well  with  the  super¬ 
heated  air,  and  they  do  not  seem  to  affect  the  steam  very  much. 
The  air  is  carried  350  feet  away  from  the  compressor  to  the 
place  where  it  is  heated.  On  one  engine  I  use  a  piston 
valve  with  superheated  steam.  She  runs  a  dynamo  and  runs 
about  350  revolutions  per  minute.  She  gives  the  best  card 
and  is  the  most  economical  engine  I  have. 

Mr.  Bole  —I  would  like  to  ask  Mr.  Hirsch  about  lubri¬ 
cating  the  valves  and  cylinders.  When  compressed  air  is  used 
on  a  locomotive,  how  do  you  lubricate  the  valves? 

Mr.  IIirsch — On  compressed  air  locomotives  we  use 
what  is  ordinarily  called  a  steam  chest  oiler  ;  but  we  use  a 
low  gravity  oil,  and  have  had  no  adverse  reports  in  regard  to 
the  matter  of  lubrication. 

Mr.  S.  M.  Davis — I  am  connected  with  the  Atlantic  Re_ 

fining  Co.,  and  we  are  arranging  to  deliver  lubricating  oil  to 
©  "  ©  ©  © 

the  mills  in  tank  wagons.  Some  of  the  tanks  in  the  oil  houses 

© 

are  often  on  a  level  with  the  tank  wagon,  and  we  experience  con¬ 
siderable  trouble  discharging  the  oil.  At  one  of  the  mills  we 
tried  a  rotary  pump.  I  suggested  the  use  of  compressed  air  to 
force  the  oil  out.  I  operate  a  small  air  compressor  by  a  chain 
and  sprocket  wheel  attached  to  the  rear  wheel  of  the  tank 
wagon.  This  compresses  air  into  a  couple  of  small  drums  at 
a  pressure  of  125  pounds  per  square  inch,  which  passes 
through  a  reducing  valve  into  the  oil  tank  at  a  pressure  of  10 
to  15  pounds  per  square  inch.  The  tacks  are  36  inches  in 
diameter,  3-16-inch  steel,  single  riveted.  I  figured  I  had  a 
factor  of  safety  of  six.  Would  that  be  sufficient? 

Mr.  Hirsch — That  is  rather  a  novel  feature.  1  am  sure 
I  never  heard  of  it.  Ordinarily  a  factor  of  six  is  ample;  but 
for  such  uses  as  this  I  would  recommend  a  much  larger  factor, 
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Three-stage  compressor  Ingersoll-Sergeant  Drill  Co.  Simple  steam 
cylinder.  Horse  power  25  to  200. 

Capacities,  84  cubic  feet  to  476  cubic  feet  of  free  air  per  minute.  Air 
pressure  500  to  3000  pounds  per  square  inch. 
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and  would  run  no  risk  of  getting  anything  like  125  pounds 
pressure  in  that  tank,  which  might  occur  if  the  reducing 
valve  got  out  of  order.  For  such  uses  it  ought  not  to  carry 
more  than  the  10  or  15  pounds. 

Mr.  Ridinger — Mr.  Ilirsch,  can  you  tell  me  what  it 
would  cost  to  run  a  pipe  line  of  sufficient  size  to  deliver  480 
cubic  feet  of  free  air  per  minute,  at  100  pounds  pressure,  at  a 
distance  of  three  miles  from  compressor  ? 

Mr.  IIirsch — To  convey  480  cubic  feet  of  free  air  per 
minute  a  distance  of  three  miles,  and  with  a  terminal  pressure 
of  100  pounds  per  square  inch,  would  require  a  4  inch  pipe, 
and  the  loss  in  pressure  would  be  from  10  to  12  pounds  ;  in 
other  words,  the  initial  pressure  would  be  from  110  pounds  to 
112  pounds  per  square  inch,  and  the  terminal  pressure  100 
pounds  as  required.  We  must  remember,  however,  that  while 
we  lose  some  10%  in  pressure,  we  gain  in  volume,  and  the 
actual  loss  of  power  in  a  pipe  line  as  here  given,  would  not 
amount  to  more  than  3J%  or  4%.  The  line  can  be  made 
perfectly  tight  and  there  need  be  no  loss  by  leakage.  The 
cost  of  laying  the  pipe  would  be  about  3  or  4  cents  per  foot, 
depending  on  circumstances,  and  the  cost  of  pipe  must  include 
freight  and  delivering  to  the  place  where  required  in  addition 
to  the  cost  of  pipe  at  mill.  I  have  not  the  latest  pipe  quota¬ 
tions  at  hand.  This  will  enable  you  to  compute  the  actual 
coet  of  line. 

Mr.  Hirsch  was  voted  the  thanks  of  the  Society  for  his 
very  interesting  paper. 

On  motion  the  Society  adjourned  at  10.15. 

C.  W.  Ridinger, 

Secretary. 


MEETING  OF  THE  CHEMICAL  SECTION.  320 

MEETING  OF  TIIE  CHEMICAL  SECTION. 

November  21st,  1901. 

The  regular  monthly  meeting  of  the  Section  was  held  in 
the  rooms  of  the  Society.  Chairman  A.  G.  McKenna  pre¬ 
sided. 

The  minutes  of  the  last  meeting  were  read  and  approved. 

An  informal  discussion  on  recent  chemical  discoveries 
occupied  the  attention  of  the  Section  for  the  evening. 

The  meeting  adjourned  at  10  o’clock. 


A.  Gross, 

Sec.  C.  S. 


JAMES  H.  HARLOW, 

FIRST  SECRETARY  OF  THE  SOCIETY,  1880-’81-’82-’83-’84  AND  1891. 
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The  two  hundred  and  twentieth  regular  monthly  meeting 
of  the  Engineers’  Society  of  Western  Pennsylvania  was  held 
in  the  Lecture  Room  of  the  Society’s  house,  410  Penn  Ave¬ 
nue,  Pittsburg,  Pa.,  Tuesday  evening,  December  17,  1901,  at 
8.20  o’clock,  Mr.  Scott,  First  Vice  President,  being  in  the 
chair,  and  forty-eight  members  and  visitors  being  present. 

The  minutes  of  the  preceding  meeting  were  read,  correct¬ 
ed  and  approved. 

The  following  applicants  were  reported  as  passed,  and  to 
be  voted  on  at  the  next  regular  meeting  : 


CHARLES  M.  CLARKE, 

SAMUEL  E.  CLARKSON,  - 

OTTO  EISENSCHIML,  - 
FRANK  IRELAND  ELLIS,  - 


Patent  Attorney, 

433  Fifth  Avenue,  Pittsburg,  Pa.; 
h,  717  Ivy  Street,  Pittsburg,  Pa. 

Construction  Engineer, 

Jones  &  Laughlin,  Ltd.,  Pittsburg, 
Pa.;  h,  329  Lawn  Street,  Pitts¬ 
burg,  Pa. 

Chemist, 

Carrie  Furnaces,  Rankin,  Pa. 
Mechanical  Engineer, 

With  Frank-Kneeland  Machine 
Co.,  Pittsburg,  Pa.;  h,  Sixth  St., 
Aepinwall,  Pa. 
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CURTLAND  C.  GARDNER,  - 

CHARLES  H.  GARLIC,  - 


FREDERICK  H.  N.  GERWIG,  - 


WALTER  SCHMIDT,  - 


DAVID  YOUNGS  SWATY,  - 


EDWARD  JAMES  TAYLOR, 


FRANK  B.  WARD,  - 


The  following  gentlemen 
elected  to  membership,  Messrs, 
tellers: 

J.  MILLER  GRANT  FULLMAN,  - 


HERBERT  G.  WARDALE, 


Contracting  Engineer, 

United  Eng.  &  Fdry.  Co.,  51th 
St.  and  A.V.  R.  R.,  Pittsburg,  Pa. 

Mechanical  Expert, 

With  Atlantic  Refining  Com¬ 
pany,  Pittsburg,  Pa.;  h,  164  La 
Fayette  St.,  Pittsburg,  Pa. 

Steam  Engineer, 

Duquesne  Steel  Works,  Du- 
quesne,  Pa.;  h,  507  Franklin 
Ave.,  Wilkinsburg,  Pa. 

Draughtsman, 

Westinghouse  Elec.  &  Mnfg.  Co., 
East  Pittsburg,  Pa.;  h,  421  Den- 
niston  Ave.,  Pittsburg,  Pa. 

Civil  Engineer, 

Penna.  Lines  West  of  Pittsburg, 
Chief  Engineer’s  Office,  1013 
Penn  Ave.,  Pittsburg,  Pa. 

Civil  Mining  Engineer, 

Chief  Engineer,  Pittsburg  Coal 
Co.,  Pittsburg,  Pa. ;  h,  229  North 
Craig  St.,  Pittsburg,  Pa. 

Manager, 

Pittsburg  Office,  Niles  Tool 
Works  Co.,  Bement,  Miles  &  Co., 
Pond  Machine  Co.,  1118  Carne¬ 
gie  Bldg.,  Pittsburg,  Pa. 

were  balloted  for  and  duly 
Hirsch  and  Johnson  acting  as 

Electrical  Contractor  and  Engi¬ 
neer,  doing  business,  with 
others,  as  “Th  Fullman  Co.,” 
Third  St.  and  F;rn  Ave.,  Pitts¬ 
burg,  Pa. 

Mechanical  and  Civil  Engineer, 
C.  V.  Huber  &  Co.,  705  Ferguson 
Building,  Pittsburg,  Pa. 
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FREDERICK  C.  WEBER,  -  -  Mechanical  Engineer,  Rand  Drill 

Co.,  Hotel  Lincoln,  Pittsburg,  Pa. 

For  the  nominating  Committee  Mr.  Johnson  read  the 
following  report: 

Your  committee  appointed  at  the  last  meeting  to  nominate 
Officers  for  the  ensuing  year,  beg  leave  to  report  the  following 
nominations: 

For  President,  ...  CHARLES  F.  SCOTT. 

For  Vice  President,  -  CHESTER  B.  ALBREE. 

For  Directors,  -  -  -  C.  B.  CONNELLEY. 

CHARLES  HYDE. 

For  Secretary,  ....  CHARLES  W.  RIDINGER. 

For  Treasurer,  -  -  -  A.  E.  FROST. 

Respectfully  submitted, 

Thomas  11.  Johnson ,  \ 

W.  G.  Wilkins,  -Committee. 

Wm.  A.  Bole,  > 

Pittsburg,  Pa.,  Dec.  17th,  1901. 

For  the  Library  Committee,  Mr.  Ely  reported  that  a  list 
of  books  has  been  made  out  by  the  Committee  and  it  was 
recommended  that  they  be  bound,  which  recommendation  was 

•V 

passed  upon  favorably  by  the  Board.  The  Committee  was, 
therefore,  empowered  to  have  these  books  bound,  the  Board 
recommending  at  the  same  time  that  we  continue  to  bind  the 
same  periodicals  in  the  future.  There  has  been  an  appropria¬ 
tion  of  $50.00  for  a  new  book  case,  which  this  will  necessitate, 
and  we  believe  that  this  sum  will  cover  the  purchase  of  a  suit¬ 
able  book  case  very  nicely.  All  of  the  above  has  been  favor¬ 
ably  passed  upon  by  the  Board. 

For  the  Programme  Committee,  Mr.  Camp  reported  that 
this  is  the  end  of  the  year,  and  the  Societv  had  been  favored 
with  some  very  good  papers,  also  that  papers  had  been  secured 
for  the  first  two  or  three  months  of  the  ensuing  vear. 
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The  Chairman. — If  there  are  no  further  reports  of  com¬ 
mittees,  we  will  lake  up  new  business. 

Mr.  Yardley. — I  have  the  following  resolution  which  I 
would  like  to  oiler  in  regard  to  this  matter: 

O 

“Whereas,  at  the  meeting  of  the  Society  on  Tuesday 
evening,  Oct.  15th,  1901,  a  communication  was  received  from 
the  Chamber  of  Commerce  of  Pittsburg,  asking  this  Society 
to  join  with  it  in  recommending  to  Congress  the  enactment  of 
laws  for  the  suppression  of  anarchy;  which  as  it  appears  from 
the  printed  ‘  Proceedings  ’  was  acted  upon  and  concurred  in, 

“And  whereas,  the  interjection  of  matter  irrelevant  to  the 
objects  of  this  Society  can  in  no  way  assist  in  our  work,  and  is 
matter  not  delegated  to  the  Society  by  its  character. 

4 ‘Therefore,  resolved,  that  the  Board  of  Directors  be  re¬ 
quested  to  take  this  matter  up  and  formulate  a  rule  excluding 
from  consideration  objects  foreign  to  the  intents  and  purposes 
of  this  organization.” 

I  offer  that  resolution,  and  move  that  it  be  adopted. 

Mr.  Engstrom. — I  second  the  motion. 

Motion  carried  with  one  dissenting  voice. 

The  Chairman — The  resolution  is  adopted.  In  this  con¬ 
nection  I  call  attention  to  the  minutes  of  the  last  meeting,  which 
were  read  and  approved  this  evening.  The  minutes  make 
record  of  the  fact  that  a  letter  was  received  from  the  McKinley 
National  Memorial  Association,  which  letter  was  voted  received 
and  filed.  In  view  of  the  action  we  have  just  taken,  it  may  be 
proper  to  only  record  in  the  minutes  that  the  communication 
was  received,  and  it  was  ordered  acknowledged  and  filed, 

7  0  7 

without  taking  up  a  page  of  our  minutes  in  giving  it  in  full. 

Mr.  Johnson — I  move  that  the  communication  itself  be 
stricken  from  the  minutes,  and  that  the  action  of  the  Society 
in  receiving  and  filing  it  be  recorded. 

o  o 

Motion  carried. 
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The  Chairman — It  being  the  custom  for  the  Chair  to  ap¬ 
point  a  Committee  to  audit  the  Treasurer’s  books,  I  therefore 
appoint  Past  Presidents  Harry  J.  Lewis,  W.  G.  Wilkins  and 
Charles  Davis,  as  Auditing  Committee,  to  report  at  the  next 
regular  meeting.  We  will  now  listen  to  the  paper  for  this 
evening,  entitled,  “  Modern  Methods  of  Gold  Extraction,”  by 
Mr.  W.  E.  Koch. 
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MODERN  METHODS  OF  GOLD  EXTRACTION. 

BY  WALTER  E.  KOCH. 

The  oldest  method  of  gold  extraction  was  probably  a 
simple  washing  out  of  coarse  gold  and  nuggets,  such  as  we 
still  see  going  on  in  the  world  to-day  from  northern  Alaska  to 
southern  New  Zealand.  Next,  free  gold  was  extracted  bv 
amalgamation  after  or  during  crushing  in  the  pestle  and  mor¬ 
tar  ;  the  prototype  of  the  modern  stamp  mill  ;  or  maybe  by 
grinding  it  out  in  the  “arrastra,  ”  forerunner  of  all  grinding 
pans.  Then  probably  the  furnace  came  into  use  as  a  gold 
catcher,  lead  being  the  vehicle  used,  and  so  we  come  down  to 
fifty  years  ago  when  chlorination  began  to  be  used,  followed 
by  cyaniding,  pyritic  smelting  and  numerous  other  chemical 
methods,  to  say  nothing  of  electrical  schemes,  for  this  is  the 
era  of  the  chemist  and  electrician,  or  electro-chemist,  and  his 
novelties  are  very  popular  just  now.  All  of  the  older  meth¬ 
ods  are  being  modernized,  but  much  remains  to  be  done  be¬ 
fore  the  kindred  industries  of  gold,  silver,  copper  and  lead 
can  take  rank  with  the  steel  industry  in  respect  to  handling  of 
material,  automatic  appliances  and  such  mechanical  improve¬ 
ments  as  have  made  Pittsburg  famous  and  which  when  applied 
elsewhere  will  result  in  a  more  “up  lo  date’'  practice  and 
economy. 

Gold- washing  and  placer  mining  are  now  reduced  to  a 
science  by  modern  applications  of  hydraulics  and  those  of  you 
who  have  watched  the  nozzles  at  work  tearing  down  the  banks 
of  gravel  and  rocks,  and  watched  how  ingeniously  the  biggest 
boulders  are  disposed  of  and  the  gold  caught  will  agree  with 
me  that  the  powers  of  nature  are  well  harnessed  to  the  use  of 
man.  The  dredging  machine  in  various  forms  is  now  being 
used  very  effectively  in  many  placers  and  rivers,  and  the  me¬ 
chanical  appliances  in  use  on  them  for  both  saving  gold  and 
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General  View  of  a  Mine  With  Pyritic  Smelter. 
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disposing  of  material  are  certainly  both  modern  and  ingenious. 
The  steel  buckets  now  used  are  a  vast  improvement  on  the  old 
iron  ones  of  "former  days  both  in  point  of  size  and  durability  ; 
the  same  remark  applies  to  other  parts  of  the  anatomy  of  a 
dredger,  and  it  is  safe  to  say  that  without  our  modern  steel, 
the  modern  dredger  could  not  exist .  The  use  of  compressed 
air  is  now  being:  introduced  as  a  means  of  removing:  material, 
so  as  to  arrive  quickly  and  economically  at  the  bed-rock,  where 
the  gold  has  accumulated,  and  moreover  this  method  permits 
us  to  reach  the  bed-rock  quietly  without  disturbing  the  gold  as 
in  hydraulicing,  which  is  obviously  of  great  advantage. 

Leaving  these  out-of-door  methods,  let  us  now  turn  to  the  . 
old  pestle  and  mortar  developed  into  the  stamp  mill  of  to-day. 
The  improvements  here  are  numerous  and  effective  and  in 
handling  large  tonnage  the  stamp  mill  has  certainly  shot  ahead 
of  all  other  methods  for  extracting:  free  g:old  from  the  solid 
rock  ;  but  unfortunately  ores  suitable  for  the  stamp  mill  and 
direct  amalgamation  on  the  plates  are  getting  scarcer  and  at 
many  mines  the  stamp  -mill  has  simply  become  a  crushiug  ma¬ 
chine. 

In  passing  I  may  mention  that  a  free  milling  ore  is  one 
from  which  it  is  possible  to  extract  the  gold  by  amalgamation 
or  alloying  with  mercury,  and  the  only  sure  way  to  prove  this 
is  by  thorough  testing  in  carload  lots. 

The  modern  stamp  mill  with  its  stamps  of  over  1,000 
pounds  in  weight  and  dropping  over  a  100  times  a  minute  with 
an  output  of  from  3  to  7  tons  per  stamp  per  24  hours  is  a 
fairly  efficient  crushing  engine  for  a  single  acting  machine, 
where  we  do  the  lifting  and  gravity  does  the  rest ;  but,  I  be¬ 
lieve  the  steam  stamp  is  mechanically  a  more  mathematically 
perfect  tool  and  when  we  can  overcome  that  strange  conserva¬ 
tion  of  energy  called  “prejudice”  which  seems  to  effect  the 
mining  engineer  of  all  nationalities,  we  may  get  a  new  steam 
stamp.  Of  course  where  water  power  is  available  it  is  a  dif¬ 
ferent  matter. 
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Rope  driving  in  stamp  mills  is  certainly  an  improvement 
on  l>elts  and  gives  less  trouble,  especially  in  countries  where 
the  natives  have  an  ardent  yearning  after  leather  for  ambula¬ 
tory  purposes. 

1  regret  to  say  that  the  high  pressure  engine  is  still  large¬ 
ly  used  in  stamp  mills,  although  Corliss  valves  help  things  out 
economically. 

From  the  ore  dumped  from  the  cars  to  the  tail  race  in  a 
modern  mill,  all  is  automatic  but  requires  careful  watching. 

Chrone  and  manganese  steel  have  greatly  aided  the  devel- 
opment  of  the  stamp  mill  at  many  different  points,  especially 
in  the  rock- breakers,  boss-heads,  shoes,  dies,  tappets  and 
cams.  These  remarks  apply  alike .  to  dry  crushing  and  wet 
crushing.  Giinding  pans,  settlers  and  concentrators  are  born 
anew  daily,  especially  concentrators  whose  name  is  legion,  the 
best  known  being  represented  by  the  Frue  and  Wilfley  as  types. 
Still  on  the  whole  with  all  our  improved  mechanical  contriv¬ 
ances  we  are  hardly  getting  a  better  percentage  of  extraction 
in  our  stamp  mills  than  our  predecessors  ;  but  we  are  certainly 
putting  through  a  much  larger  tonnage  by  the  free  use  of  elec¬ 
tric  lighting  and  electrical  transmission,  in  which  two  points 
we  have  gained  much  ground.  A  well  lighted  mill  is  most 
efficient  and  easy  to  handle  and  money  is  well  spent  in  that  di¬ 
rection. 

The  most  modern  and  newest  attachment  to  the  stamp 
mill  is.  the  cyanide  process.  As  you  all  know,  gold  is  soluble 
in  cyanide  of  potassium ;  a  fact  emphasized  by  Professor 
Wurtz  of  Paris,  in  1868,  published  by  him  in  1869,  and  pat¬ 
ented  by  the  McArthur-Forrest  people  a  long  time  afterwards. 
A  very  dilute  solution  of  cyanide  of  potassium,  0.005%  to 
0.01%,  with  plenty  of  oxygen,  being  enough  to  disol ve  very 
fine  gold,  even  in  presence  of  copper  and  nickel  and  other  del¬ 
eterious  substances  without  being  badly  fouled  and  wasted  by 
them  ;  whereas  a  strong  solution  is  liable  to  be  spoilt  bv  cop¬ 
per  and  other  metals. 
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There  are  many  variations  in  this  process  but  the  same 
principle  underlies  them  all,  viz  :  that  potassium  cyanide,  plus 
air,  plus  time,  dissolves  gold.  The  process  is  a  simple  lixivia- 
tion  or  leeching  process,  and  the  method  of  progression  is  as 
follows.  After  the  ore  is  crushed  in  the  stamp  battery  and 
run  over  amalgamated  plates  as  usual,  the  tailings  from  the 
plates  are  run  into  large  tanks  and  after  the  water  is  drained 
off,  a  solution  of  potassium  cyanide  is  run  in  and  allowed  to 
stand  there  in  contact  with  the  ore  for  some  live  or  six  days, 
during  this  time  the  solution  may  be  renewed  and  aerated  or 
the  whole  contents  rushed  through  the  air  from  one  vat  to  an- 
other  ;  or  air  may  be  forced  into  the  pulp.  In  short  the  ac¬ 
tion  of  the  air  and  the  potassium •  cyanide  dissolves  out  the 
gold,  and  the  solution  containing  the  gold  after  being  freed* 
from  the  pulp  by  washing  and  filtration,  is  then  run  through 
precipitating  boxes  in  a  slow  continual  stream  and  is  there  pre- 
cipated  by  zinc  dust  or  shavings,  or  charcoal,  or  by  electricity 
as  in  the  Siemens  Halske  process,  and  after  treatment  by 
tiuxes  or  lead  is  cast  into  bullion  bars. 

In  some  mills  they  crush  the  gold  in  the  cyanide  solution 
itself  and  then  pass  the  solution  and  pulp  together  over  the 
amalgamated  plates,  the  reason  for  this  is  that  the  larger  the 
gold  particles  the  longer  it  takes  to  dissolve  them  and  it  is 
quicker  and  therefore  cheaper  to  amalgamate  the  coarse  and 
dissolve  the  fine  gold.  You  can  see  that  the  variations  in  a 
process  of  this  kind  may  be  very  numerous  involving  concen¬ 
tration  and  separation  of  fines  from  slimes  for  treatment,  the 
use  of  compressed  air,  etc.,  and  here  a  good  deal  of  mechani¬ 
cal  ingenuity  has  been  displayed. 

The  cyanide  process  is  specially  adapted  to  catch  the  finest 
or  flour  gold,  and  if  there  be  any  silver  in  the  ore  it  will  also 
dissolve  it,  so  it  is  a  very  useful  process  for  certain  ores  con¬ 
taining  both  silver  and  gold  in  a  fine  state  of  division,  but 
coarse  gold  and  silver  are  too  slowly  acted  on  by  cyanide  for 
economical  results.  The  draw  backs  to  cyaniding  are  the  so- 
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called  “cyanicides”  such  as  lime,  magnesia,  copper,  iron, 
manganese,  nickel,  etc.,  (sulphur,  arsenic  and  antimony  can 
be  removed  by  roasting) .  These  bodies  eat  up  the  cyanide  in 
the  solution,  hinder  filtration  and  cause  much  expense  and 
trouble,  and  in  some  cases  completely  prevent  an  economical 
extraction  of  "old,  but  the  more  dilute  the  solution  the  great- 
er  the  prospect  of  overcoming  these  difficulties  as  the  solution 
then  seems  to  exert  a  more  selective  influence  dissolving  the 
"old  first,  then  the  silver  and  lastlv  the  cyanicides. 

The  amount  of  potassium  cyanide  used  varies,  but  J  to  1 
pound  per  ton  of  ore  is  not  unusual.  The  extraction  varies 
from  SO  to  90%  of  the  gold  in  the  ore  and  from  TO  to  80%  of 
the  silver  and  the  solutions  used  vary  in  strength  from  0.005 
to  0.5  %. 

There  are  two  chief  methods  in  use  for  the  precipitation 
of  the  gold  from  its  solution,  namely  the  original  Mac  Arthur 
Forrest  by  zinc  shavings,  and  the  Siemens-Halske  or  electri¬ 
cal.  In  both  cases  the  solutions  run  through  inclined  boxes 
divided  into  compartments  so  that  the  solution  rises  up  through 
the  one  and  passes  down  through  the  next.  The  solution  must 
always  pass  up  through  the  zinc  shavings  or  through  the  zinc 
dust  which  is  used  in  some  cases.  To  aid  the  precipitation  ; 
acidulation,  addition  of  cyanide,  or  plunging  the  shavings  in  a 
weak  solution  of  lead  or  copper  salts,  so  as  to  form  a  lead-zinc 
or  copper-zinc  couple  are  some  of  the  means  resorted  to,  and 
all  are  claimed  to  be  more  or  less  effective.  If  there  be  much 
lime  or  copper  in  solution,  or  too  much  cyanide,  a  deposit  of 
these  bodies  will  form  on  the  zinc  to  the  exclusion  of  the  gold 
and  there  will  be  gold  carried  over  to  the  tailings  sump. 

The  Siemens-Halske  or  electrical  precipitation  requires  a 
clear  well -filtered  solution  and  the  solution  may  be  very  dilute 
and  vet  work  well  in  the  boxes.  The  boxes  are  divided  off  in- 

•j 

to  compartments  by  the  iron  plates  used  as  anodes,  so  that  the 
solution  passes  over  one  and  under  the  next.  The  anodes  are 
of  sheet  iron  cased  in  canvas  to  avoid  short  circuiting,  and 
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hold  the  Prussian  blue  formed  during  the  process.  The  cath- 
odes  consist  of  strips  of  lead  foil  or  shavings  of  lead  in  frames, 
and  the  distance  between  anode  and  anode  is  usually  inches. 
A  current  of  about  0.06  ampere  per  square  foot  with  from  4 
to  7  volts  pressure  is  sufficient  and  it  is  usual  to  allow  about 
100  square  feet  of  cathode  surface  per  ton  of  solution  per  24 
hours.  If  the  current  be  increased  the  "old  is  less  coherent 

C 

to  the  lead  and  falls  off.  The  lead  takes  up  2  to  12%  of  gold 
and  is  changed  at  intervals  and  melted  to  base  bullion. 

Comparing  these  two  methods,  the  former  is  easier  to 
handle  and  requires  only  ordinary  labor,  but  appears  to  cost  a 
trifle  more  to  run  ;  while  the  latter  requires  a  larger  outlay  at 
first,  and  the  services  of  an  electrician  ;  but  it  is  claimed  that 
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it  is  cheaper  to  run  after  the  first  cost  and  that  there  are  other 
advantages. 

Another  method  in  vogue  chiefly  in  Australia,  is  precipi¬ 
tation  by  charcoal.  I  have  tried  them  all,  and  charcoal  was 
certainly  the  least  satisfactory,  its  bulk  being  considerable  and 
absorptive  power  small. 

The  cyanide  process  has  certainly  done  more  than  any 
other  method  of  modern  times  to  cheapen  and  extend  the  ex¬ 
traction  of  gold,  witness  the  number  of  all  old  mine  dumps 
and  tailing  heaps  being  cyanided  to-day  at  a  good  profit,  and 
the  quantity  of  gold  now  saved  which  otherwise  would  have 
rested  in  dumps  or  vanished  forever  down  the  rivers.  More¬ 
over  the  cyanide  process  has  enabled  us  to  catch  the  fine  flour 
gold  ;  that  most  elusive  of  all  precious  substances  ;  and  so  to 
largely  increase  the  production,  and  for  making  a  commercial 
success  of  this  useful  method  Messrs.  Mac  Arthur  and  Forrest 
certainly  deserve  a  niche  in  the  temple  of  fame,  moreover  they 
have  forever  removed  those  grand  excuses  of  the  old-time  mill 
man  about  his  values  floating  away  as  float  or  flour  gold. 

The  modern  stamp  mill  with  its  cyanide  annex  is  indeed  a 
long  step  in  advance  in  economy  and  percentage  of  extraction, 
as  witness  the  huge  mills  of  South  Africa. 

Another  method  of  extracting  gold  is  that  known  as  the 

chlorination  method.  Here  chlorine  gas  is  used  or  a  solution 

of  chlorine  in  water.  This  is  a  much  older  method  than  the 

cyanide  and  was  used  nearly  half  a  century  ago.  Gold  as  you 

all  know  is  soluble  in  moist  chlorine  forming  gold  chloride. 

©  © 

This  may  be  done  in  many  ways,  but  in  practice  three 
methods  are  used,  viz  :  by  mixing  salt,  manganese  ore  and  sul¬ 
phuric  acid  or  by  mixing  bleaching  powder  and  sulphuric  acid 
or  lately  by  using  compressed  chlorine  gas  from  steel  flasks. 
In  the  first  case  the  chlorine  is  evolved  in  a  generator,  then 
passed  into  the  bottom  of  a  vat  of  ore  and  made  to  pass  up 
through  the  pulp  ;  next  it  is  closed  in  and  allowed  to  stay  there 
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so  many  hours  until  the  gold  is  all  dissolved  in  the  chlorine  so¬ 
lution,  which  is  then  filtered  off. 

In  the  other  case  the  ore  is  run  into  a  cast  iron  or  steel 
barrel ;  provided  with  trunnions  ;  which  is  lined  with  lead  (to 
resist  corrusion)  and  nearly  filled  with  water  ;  the  charges  of 
bleaching  powder  and  sulphuric  acid  are  then  added,  the  charge 
hole  sealed  up  tightly  and  the  barrel  slowly  revolved  during 
the  required  time,  the  barrel  is  then  opened  and  the  solution 
filtered  out.  With  compressed  chlorine  the  methods  are  the 
same. 

After  filtering,  the  gold  is  precipitated  from  the  solution 
by  ferrous  sulphate,  or  charcoal,  or  hydrogen  sulphide.  If 
charcoal  be  used  the  solution  has  to  be  heated  to  150°  F  to 
drive  off  excess  of  chlorine  and  precipitate  lime  ;  it  is  then 
filtered  through  sand  and  passed  through  charcoal  ;  after  the 
charcoal  is  saturated,  it  is  slowly  burnt  off  in  open  trays  and 
the  gold  recovered. 

A  modern  chlorination  plant  consists  of  an  automatic 
sampling  machine,  with  crushing  rolls  in  series  (rolls  make 
less  slime),  reducing  the  ore  to  about  12  mesh  ;  the  dust  is  of¬ 
ten  collected  in  a  bag-room,  but  many  merely  mix  it  again  with 
the  rest.  As  most  ores  which  are  chlorinated  are  sulphides  or 
tellurides,  they  are  next  roasted  in  roasting  furnaces  of  the 
Ropp  (straight  line)  or  Pearce  (circular)  type  and  the  sulphur 

reduced  to  0. 1  %,  or  for  best  work  0.03  %,  the  ore  is  then  cool- 

% 

ed  and  passed  automatically  to  the  hoppers  above  the  barrels. 

A  modern  barrel  is  made  of  steel  plates  and  is  often  16 
feet  long  by  5J  feet  diameter,  is  lined  with  chemical  lead  and 
provided  with  a  filter  secured  firmly  to  the  inside  ;  this  is  a 
very  great  and  time-saving  improvement.  Such  a  barrel  holds 
25,000  pounds  of  ore  and  weighs  about  15  tons.  Barrels 
have  also  been  constructed  to  hold  18  to  20  tons  of  ore. 

After  charging  and  rotating  about  5  revolutions  a  minute 

O  O  o 

for  some  time  (4  to  6  hours  maybe)  the  barrel  is  stopped, 
opened  and  water  forced  in  under  a  pressure  of  from  20  to  40 
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pounds  per  square  inch,  this  washes  the  solution  through  the 
filter  inside  the  barrel  on  to  another  filter  outside,  and  so  to 
the  precipitation  tank,  where  the  gold  is  thrown  down  by  sul¬ 
phuretted  hydrogen  as  sulphide  of  gold  ;  this  precipitate  is 
then  squeezed  into  cakes  in  filter  presses,  roasted  in  a  suitable 
furnace,  melted  and  refined.  If  there  be  much  coarse  gold  in 
the  ore,  as  is  the  case  in  some  Cripple  Creek  ores,  the  barrel 
tailings  are  run  over  Wilfley  tables  and  the  gold  saved. 

Lime,  magnesia  and  copper  salts  are  also  troublesome  in 
chlorination,  causing  a  loss  of  chemicals  and  making  filtering 
difficult  just  as  in  the  cyanide  process. 

In  chlorination  no  silver  is  saved. 

The  process  is  specially  suitable  for  iron  pyrites  and  tellu- 
rides  carrying  gold,  and  with  skill  an  extraction  of  from  90  to 
98%  can  be  obtained,  or  an  average  of  94%. 

The  bleaching  powder  used  should  contain  35%  free  chlo¬ 
rine  and  the  sulphuric  acid  be  of  66°  Baume. 

A  not  unusual  charge  is  15  pounds  of  bleaching  powder 
and  30  pounds  of  sulphuric  acid  per  ton  of  ore. 

I  tried  to  evolve  chlorine  in  the  barrel  by  using  an  elec¬ 
tric  current  with  graphitised  carbon  poles  in  a  strong  brine  so¬ 
lution;  it  worked  fairly  well,  and  possibly  an  improvement 
could  be  made  in  this  direction  and  the  bother  and  loss  attend¬ 
ing  the  use  of  bleach  and  acid  be  avoided.  Theoretically  1 
ounce  of  gold  needs  slightly  more  than  J  ounce  of  chlorine; 
so  evidently  there  is  a  big  waste  of  chlorine  and  room  for 
economy  in  the  present  practice. 

The  worst  drawback  to  this  process  in  my  experience  is 
carbonate  of  lime  in  the  ore  or  the  water,  and  where  the  quan¬ 
tity  of  lime  salts  is  large,  the  whole  process  will  be  doomed  to 
failure;  so  before  erecting  chlorination  works  not  only  the  ore 
but  also  the  water  should  be  carefully  tested.  I  have  also  had 
trouble  with  manganese  and  nickel.  The  cost  usually  runs 
from  $3.00  a  ton  up. 
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I  have  gone  iflore  into  details  in  this  process  because  up  to 
the  roasting  furnaces  the  same  course  might  he  followed  for 
cyaniding  where  roasting  is  required,  and  also  because  a  com¬ 
parison  between  the  two  rival  methods  of  cyaniding  and  chlor¬ 
ination  is  desirable.  It  seems  to  me  from  my  own  experience 
that  cyaniding  in  the  majority  of  cases  is  preferable  to  chlori¬ 
nation  especially  if  the  ore  carry  silver  values  as  well  as  gold. 
Chlorination  is  of  such  limited  application  and  only  holds  its 
own  in  the  case  of  iron  pyrites  and  tellurides,  and  I  firmly  be¬ 
lieve  that  there  is  more  future  for  the  cyanide. than  the  chlori¬ 
nation  process,  although  as  regards  Cripple  Creek  ores,  chlori¬ 
nation  seems  to  be  the  favorite  method  of  extraction  in  the  wet 
way.  A  variation  from  the  cyanide  of  potassium  process  is 
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the  bromo-cyanide  process  used  in  West  Australia,  but  this 
has  yet  to  be  developed  on  a  large  scale. 

I  now  pass  to  the  furnace  as  a  means  of  gold  extraction, 
and  passing  over  the  ordinary  lead  and  copper  smelters  where 
the  lead  and  copper  are  the  chief  metals  reduced ;  and  gold  is 
merely  a  bye-product,  I  come  to  a  new  process  or  rather 
smelting  variation  which  has  come  as  a  great  help  to  the  gold 
miner.  I  refer  to  pyritic  smelting. 

I  define  pyritic  smelting  as  that  form  of  smelting  in 
which  the  sulphur  in  the  ores  is  used  emphatically  as  a  fuel, 
and  is  regarded  as  a  friend  instead  of  an  enemy. 

Sulphur,  especially  in  the  form  of  pyrites,  evolves  about 
2,200  units  of  heat,  and  the  temperature  of  combustion  of  iron 
pyrites  is  from  4,000°  to  4,900°  F. ;  of  copper  pyrites  3,500° 
to  4,400°  F. ;  of  zinc  sulphide  3,600°  F.  and  lead  sulphide  3,- 
300°.  You  see  then  what  good  fuel  lies  to  our  hands  and  how 
absurd  it  is  to  roast  such  good  material  away,  and  then  seek  to 
reduce  the  compounds  formed  by  coke  ;  which  is  usually  ex¬ 
pensive  in  mining  camps  ;  or  leach  out  the  values  by  chlorine 
or  cyanide,  and  as  I  have  shown  get  into  trouble  with  your 
copper,  which  is  often  present  in  varying  amounts  in  iron  py¬ 
rites. 

Far  better  is  it  to  my  mind  to  utilize  this  sulphur  as  a  fuel 
snd  save  all  your  gold,  silver,  and  copper  at  a  small  cost,  and 
with  little  trouble,  and  this  is  what  pyritic  smelting  does. 

Now  one  pound  of  iron  pyrites  is  said  to  be  equal  in  ther¬ 
mal  effect  to  0.4  pound  of  coke,  but  in  practice  I  find  that  sul¬ 
phur  does  a  great  deal  better  than  that.  By  using  this  sul¬ 
phur  as  a  fuel  with  a  hot  blast  I  find  I  can  smelt  with  5%  of 
coke  for  a  month  at  a  time,  the  uncertainties  of  transportation 
being  the  only  reason  for  stoppages. 

The  ores  charged  into  the  furnace  are  quartz  ores,  lime 
ores,  quartz  and  lime  ores,  quartz  and  aluminous  ores  all  con¬ 
taining  gold  in  varying  amounts  and  a  small  percentage  (J%) 
of  copper,  and  mixed  with  these  are  the  pyrites  ores  varying 
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from  pyrites,  to  pyrites  with  quartz,  quartz  with  pyrites, 
quartz,  lime  and  pyrites,  and  quartz,  lime,  alumina  and  py¬ 
rites  ;  as  you  will  allow,  this  is  a  fairly  representative  list  of 
refractory  gold  ores.  The  pyrites  ores  contain  rather  more 
copper,  averaging  perhaps  to  f%  copper,  although  there 
are  richer  streaks  of  copper  in  some  of  the  ore  bodies. 

The  furnace  is  an  ordinary  water-jacket  and  the  waste 
gases  therefrom  are  passed  through  a  heating  chamber  with 
iron  pipes,  through  which  pipes  the  blast  passes,  and  is  heated 
on  its  way  to  the  furnace  ;  and  furthermore  the  waste  gases 
from  the  boilers  are  also  passed  into  this  chamber  and  help  to 
heat  the  blast.  The  hot  water  from  the  water-jacket  of  the 
furnace  goes  to  the  boilers,  and  in  this  case  the  water-jacket 
acts  as  a  purifier  as  well  as  a  heater. 

To  begin  with  we  have  a  very  economical  form  of  smelter 
at  a  low  cost.  Next,  the  small  amount  of  copper  in  the  ores 
and  the  larger  amount  of  lime,  both  of  which  are  great  hind- 
ranees  to  chlorination  or  cyaniding,  become  of  great  assistance 
in  pyritic  smelting,  the  copper  serving  to  collect  the  gold  and 
silver  values,  and  the  lime  being  useful  as  flux  ;  moreover  the 
expense  and  trouble  of  crushing,  roasting  and  preparing  these 
ores  for  cyaniding  or  chlorination  is  not  far  off  the  cost  of 
smelting  them,  and  instead  of  only  getting  80%  to  90%  of  val¬ 
ues  in  gold  and  silver,  and  losing  the  copper,  we  practically 
get  all  of  the  gold,  silver,  and  copper,  as  our  slag  is  perfectly 
clean,  and  our  flue  dust  and  fume  is  restored  to  the  furnace  in 
a  very  simple  and  economical  manner. 

The  blast  is  supplied  by  a  pressure  blower,  but  what  we 
need  in  this  process  is  volume  and  temperature,  and  only  just 
sufficient  pressure  to  put  the  hot  air  in  the  right  place.  Be¬ 
cause  you  have  the  power  to  propel  a  lot  of  hot  air  through  a 
furnace  is  no  reason  for  doing  so,  and  only  serves  to  make  a  lot 
of  flue  dust,  and  to  set  up  reactions  in  the  descending  column 
of  material  which  usually  mean  a  greater  consumption  of  coke 
and  some  slipping. 
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Hot  blast  enables  vou  to  make  a  hot  zone  right  at  the 
tuyeres,  and  here  you  have  a  laboratory  of  immense  power 
which  is  very  necessary  in  pyritic  smelting,  because  we  want 
to  convert  most  of  our  materials  into  slag  as  rapidly  as  possi¬ 
ble,  and  to  oxidise  all  the  sulphur  and  iron  we  can,  so  a  hot 
zone  and  a  low  charge  column  are  the  best  for  us,  that  the  sul¬ 
phur  may  be  expelled  as  quickly  as  possible,  and  the  hot  gases 
passed  at  once  into  the  heater,  and  not  allowed  to  loiter  among 
the  descending  charge,  and  start  up  troublesome  reactions. 
This  method  of  working  also  enables  us  to  get  more  tonnage 

o  o  o 

through  the  furnace  than  is  possible  with  cold  blast  or  high 
charge  columns.  Hot  blast  and  continuous  charging  by  ele¬ 
vators  is  the  right  thing  and  I  think  a  man  who  uses  cold  blast 
in  anv  blast  furnace  is  a  “fossil,**  unless  he  wish es  to  cool  the 

7 

zone  of  fusion. 

The  charge  consists  of  a  mixture  of  the  ores  before  enum¬ 
erated  in  the  proportion  of  15%  pyrites,  45%  quartz  ores, 
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which  usually  contain  lime  and  pyrites  ;  20%  lime  ores  which 
also  contain  quartz  and  some  pyrites  ,  10%  low  grade  matte, 
5%  slag,  3  to  5%  coke,  and  1  to  2%  charcoal,  which  costs  half 
the  price  of  the  coke,  making  in  all  about  5%  fuel  in  the 
charge.  Matte  is  a  good  fuel,  and  as  it  gets  richer  every  trip 
through  the  furnace,  it  pays  to  use  it  in  this  way  until  it 
reaches  45%  copper,  when  it  is  standard  and  ready  to  ship  to 
the  converters,  to  be  Bessemerized  in  the  usual  way. 

The  matte  and  slag  run  continuously  from  the  furnace  in¬ 
to  a  forehearth  where  separation  takes  place,  the  slag  flowing 
off  the  top  continuously  and  the  matte  being  tapped  out  from 
the  bottom  at  intervals  as  required.  This  matte  carries  all  the 
values  in  the  ore,  such  as  gold,  silver  and  copper,  except  what 
escapes  as  dust  and  fume  into  the  stove,  and  this  loss  is  usual¬ 
ly  made  greater  than  needful  by  a  useless  expenditure  of  blast, 
and  can  be  largely  avoided  by  proper  furnace  management  and 
suitable  arrangements  to  catch  and  treat  what  does  pass  over. 

The  slag  usually  runs  about  29%  metallic  iron,  13%  lime 
and  35  to  40%  silica,  besides  alumina  and  magnesia,  and  should 
never  contain  more  than  a  trace  of  gold,  silver  or  copper. 

Furnaces  and  stoves  for  this  method  are  now  built  of  all 
sizes  and  it  seems  to  me  that  here  is  a  very  simple  and  useful 
method  for  the  smaller  mines,  or  mines  with  pyrites  and  so- 
called  “refractory”  ores;  for  a  36  inch  diameter  water- 
jacket  72  inches  high  will  treat  40  tons  of  such  a  charge  as 
above  mentioned  every  24  hours,  and  yield  3  to  4  tons  of 
matte,  thus  concentrating  10  to  12  tons  into  1  at  a  very  low 
cost;  and  such  a  plant  can  be  erected  complete  for  $10,000, 
engine,  boiler,  blower,  electric  light  and  all,  graded,  roofed 
in,  and  ready  to  work. 

In  conclusion,  it  seems  to  me  that  the  cyanide  process  and 
pyritic  smelting  have  more  promise  in  the  future  than  any 
other  modern  methods  of  gold  extraction,  and  it  would  need 
more  than  one  evening  to  do  justice  to  these  systems  for  the 
economical  extraction  of  gold. 
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DISCUSSION. 

The  Chairman — The  paper  is  now  open  for  discussion. 

Mr.  Snyder — There  is  one  point  upon  which  I  would  like 
a  little  information.  Mr.  Koch  said  when  there  were  any 
carbonates  in  the  water  they  interfered  with  the  proper 
operation  of  the  chlorination  process,  and  I  would  like  to  ask 
him  how  this  interference  occurs,  and  also  what  means  are 
employed,  if  any,  to  precipitate  the  carbonates  or  change  the 
water  ? 

Mr.  Koch — Carbonates  of  lime  are  very  troublesome, 
both  in  the  wTater  and  in  the  ore  under  treatment;  first, 
because  they  use  up  sulphuric  acid  in  the  barrel,  and, 
secondly,  because  the  sulphate  of  lime,  so  formed,  clogs  up 
the  filters  and  makes  filtration  difficult,  and  so  causes  a  loss 
of  "old  solution.  If  the  carbonate  of  lime  is  only  in  the 
water,  the  best  thing  to  do  would  be  to  remove  it  before 
using  the  water,  if  it  could  be  done  economically.  In  some 
places  they  have  to  distill  the  water  before  it  can  be  used  for 
chlorination,  but  this  is  expensive  and  therefore  not  always 
practical . 

Mr.  S.  M.  Taylor — Can  you  not  precipitate  the  impuri¬ 
ties  in  the  water  by  some  compound  and  draw  the  water  off  ? 

Mr.  Koch — You  could  do  that,  but  it  will  cost  money. 

Mr.  Wilkins — You  could  use  soda,  could  you  not? 

Mr.  Koch — Yes,  it  might  be  used  to  some  extent,  but 
where  freight  costs  a  cent  a  pound  and  over  it  would  be 
expensive.  Moreover,  soda  would  involve  an  extra  quantity 
of  sulphuric  acid  in  the  barrel,  just  the  same  as  in  the  case 
of  lime,  so  it  is  pretty  close  sailing.  Of  course,  where  soda 
is  cheap  it  might  be  tried.  In  parts  of  Australia,  where  the 
water  often  contains  much  salt  and  alkalies,  they  are  obliged 

CD 

to  distill  it  to  use  it  at  all.  The  fact  is,  the  purer  the  water 
the  better  for  both  chlorination  and  cyaniding,  and  I  have 
heard  of  cases  where  chemical  analysis  of  the  water  made  at 
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the  first  inception  of  the  scheme  would  have  saved  thousands 
of  dollars  later  on,  if  not  complete  failure.  More  chemistry 
and  less  assaying  would  often  be  better  for  all  parties. 

Mr.  Yardley — You  spoke  of  its  being  very  difficult  to 
explain  the  action  of  very  dilute  cyanide  solutions.  It  has 
been  a  good  while  since  I  studied  chemistrv,  but  is  not  it  an 
old  fact  in  chemistry  that  weak  sulphuric  acid  will  act  upon 
some  things,  when  some  strong  sulphuric  acid  will  not  do  so  ? 

Mr.  Koch — Yes,  that  is  true.  A  dilute  solution  of 
sulphuric  acid  will  act  rapidly  on  iron,  whereas  a  strong  one 
of  66°  Baume'  will  not;  but  with  only  a  trace  of  sulphuric 
acid  present  the  action  will  be  very  slight. 

Mr.  Yardley — I  know,  for  instance,  a  weak  solution 
acts  upon  iron,  while  a  concentrated  solution  of  sulphuric  acid 
does  not  act  upon  it  at  all. 

Mr.  Koch — But  in  this  case  it  is  the  action  of  a  neutral 
salt,  and  this  is  what  seems  remarkable,  and  especially  the 
selective  action  on  the  gold,  silver  and  copper. 

Mr.  Bole — What  is  the  process  after  the  amalgamation 
of  the  gold  ? 

Mr.  Koch — The  amalgam  is  washed,  then  squeezed  in  a 
cloth  or  buckskin  to  wring  out  all  the  quicksilver  possible,  the 
dry  amalgam  heated  in  a  closed  retort  and  the  quicksilver 
distilled  off.  The  gold  is  then  melted  in  a  crucible,  refined 
and  cast  into  bars. 

Mr.  Bole — Is  there  any  loss  of  quicksilver? 

Mr.  Koch — A  very  slight  loss. 

Mr.  Hirsch — In  the  furnace  process  is  the  matte  drawn 

off? 

Mr.  Koch — Yes,  the  slag  and  matte  flow  together  into 
the  forehearth,  where  separation  takes  place,  the  slag  flowing 
off  the  top  continuously,  while  the  matte  sinks  to  the  bottom 
and  is  tapped  off  at  intervals  as  required. 

Mr.  Bole — What  part  of  this  matte  that  you  speak  of  is 
put  back  into  the  furnace  ? 
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Mr.  Koch — We  try  to  get  the  matte  to  run  about  45 
per  cent,  in  copper.  When  it  runs  less  than  that  we  return  it 
to  the  furnace  to  enrich  it.  After  it  gets  to  45  per  cent, 
copper  we  have  no  further  use  for  it  except  to  ship  to  the 
smelters. 

Mr.  Yardley  —Is  there  any  gold  in  this  matte  ' 

Mr.  Koch — Yes,  it  contains  both  gold  and  silver,  and 
when  it  is  “standard" — that  is,  contains  about  45  per  cent, 
copper — it  is  suitable  for  shipping  to  the  big  smelters,  where 
it  is  Bessemerized  to  nearly  pure  copper,  but  still  containing 
the  gold  and  silver.  The  Bessemerized  copper  is  then  cast 
into  plates,  and  by  electrolysis  the  copper  is  separated  from 
the  gold  and  silver ;  the  copper  being  deposited  on  the 
cathodes,  and  the  gold  and  silver  remaining  as  mud  at  the 
bottom  of  the  tanks,  whence  they  are  taken  out,  separated, 
refined  and  cast  into  bars. 

Mr.  Yardley — You  spoke  of  using  coke  and  sulphur  as 
fuel.  Why  cannot  you  do  without  the  coke  and  use  only  the 
cheap  fuel ? 

Mr.  Koch — We  would  like  to  do  that,  and  use  as  little 
coke  as  possible  ;  but  some  coke  is  necessary  to  keep  the 
charge  open  and  in  other  ways,  and  so  far  we  have  not  suc¬ 
ceeded  in  doins:  entirely  without  it. 

Mr.  Yardley — You  do  not  require  very  good  coke,  do 
you  ?  That  is,  you  do  not  require  coke  free  from  sulphur? 

Mr.  Koch — No  ;  we  like  a  coke  low  in.  ash  ;  but  if  it  be 
high  in  sulphur  it  does  not  matter.  Sulphur  is  a  good  fuel  ; 
if  you  use  it  properly  it  is  a  good  friend.  We  like  a  hard, 
strong  coke — one  that  will  stand  transportation  without 
making  much  dust  and  smalls  ;  will  stand  some  crushing  in 
the  furnace  and  not  burn  off  too  fast. 

In  answer  to  other  questions,  Mr.  Koch  said  that  he 
thought  the  pyritic  smelting  process  would  be  of  great  use  to 
the  smaller  miner,  as  the  process  was  a  cheap  one  to  install, 
cheap  to  work,  and  gave  a  better  percentage  of  extraction  than 
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any  other  method  ;  moreover,  it  would  save  gold,  silver  and 
copper.  And  he  further  stated  that  many  properties  which 
had  begun  production  as  free-milling  gold  properties  were 
now  no  longer  free-milling,  but  had  entered  the  large  class  of 
so-called  “refractory”  ores,  and  many  of  these  carried  suffi¬ 
cient  copper  and  sulphur  as  pyrites  to  make  pyritic  smelting 
an  available  proposition.  The  only  other  alternative  was 
cyaniding,  and  there  are  many  properties  to-day  using  the 
cyanide  process  which  could  do  far  better  by  pyritic  smelting. 
In  Mexico,  particularly,  it  seemed  as  though  pyritic  smelting 
would  find  a  wide  application,  as  supplies  were  very  abundant, 
and  many  of  the  old  gold  miners  would  be  better  described 
to-day  as  low-grade  copper  mines  carrying  gold  and  silver, 
and  if  the  furnace  plant  were  properly  built  and  managed 
there  was  absolutely  no  loss  of  copper,  gold  or  silver  in  fume 
or  dust.  Besides,  the  price  of  copper  would  not  affect  such 
properties,  as  the  gold  would  far  more  than  pay  the  small 
expenses,  leaving  the  copper  as  a  by-product,  just  as  lead 
often  is  to  silver  ores. 

Mr.  Koch  illustrated  his  lecture  with  four  samples  of 
quartz  ores  carrying  gold,  four  samples  of  iron  pyrites 
carrying  gold  and  copper  (about  one-half  of  one  per  cent, 
copper),  and  two  samples  of  lime  ores  carrying  some  gold, 
but  less  rich  than  the  quartz  and  pyritic  ores  ;  also  samples 
of  the  charcoal  and  coke  used  as  fuel,  and  of  the  matte  and 
slag  made  from  the  ten  samples  of  ores  exhibited.  The 
matte  showed  the  copper  plainly,  and  carried  gold  and  some 
silver,  while  the  slag  was  quite  clean,  without  even  traces  of 
copper,  gold  or  silver. 

Mr.  Hirsch — I  move  a  vote  of  thanks  to  Mr.  Koch  for 
the  paper  which  he  has  presented. 

Motion  seconded  and  carried. 

Meeting  adjourned  about  10:20  P.  M. 

Charles  W.  Kidinger, 

Secretary. 
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MEETING  OF  THE  CHEMICAL  SECTION. 

The  regular  meeting  of  the  Chemical  Section  was  held  in 
.the  rooms  of  the  Engineers’  Society,  410  Penn  Ave.,  Thursday 
evening,  December  19th. 

The  minutes  of  the  last  meeting  were  read  and  approved. 

The  Nominating  Committee,  consisting  of  Messrs.  Camp, 
Mohr  and  Walters,  reported  the  following  candidates  for  office  : 

Chairman — Dr.  K.  F.  Stahl. 

Vice-Chairman — Harrison  W.  Craven. 

Secretary — Charles  H.  Rich.  • 

Directors — Abraham  Gross  and  Philo  Iveinerv. 

Upon  motion,  a  committee,  consisting  of  Messrs.  Mohr 
and  Rich,  was  appointed  to  investigate  the  effect  of  sunlight  on 
the  determination  of  sulphur  by  the  cadmium  chlorid  method. 

After  a  discussion  of  various  chemical  subjects  the  meet¬ 
ing  adjourned. 

A.  Gross, 

Secretarxj  C.  S. 
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